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SPECIFICATION 



WIRING, TFT SUBSTRATE USING THE SAME, 



MANUFACTURING METHOD OF TFT SABSTRATE, AND LCD 



TECHNICAL FIELD 



The present invention relates to a wiring using low-resistance Cu as a material 
for forming an electrode or wiring, TFT (thin film transistor) substrate using the same, 
manufacturing method of the TFT substrate, and LCD (liquid crystal display). 



As generally known, a TFT substrate is used for manufacturing an LCD. 

Figs. 33 and 34 show the structure of an example of the general TFT substrate, 
where gate wiring G, source wiring S, and the like are formed on substrate 86. In this 
structure, the gate wiring G and source wiring S are arranged in a matrix form on a 
transparent substrate 86 made of a glass material or the like. Each area surrounded 
by gate wiring G and source wiring S is a pixel (or picture element) portion 81, and 
TFT 83 is provided in each pixel portion 81. 

The TFT 83 has a known etching-stopper type structure in which (i) gate 
insulating film 89 is provided on gate wiring G made of a conductive material such as 
aluminium (Al) or aluminium alloy (Al alloy), and on gate electrode 88 connected to the 
gate wiring G, (ii) semiconductor active film 90 formed by using amorphous silicon (a- 
Si) is placed over the gate insulating film 89 in a manner such that the semiconductor 
active film 90 and gate electrode 88 face each other via the insulating film 89, and (iii) 
drain electrode 91 and source electrode 92, each made of a conductive material such as 
Al or Al alloy, are formed on the semiconductor active film 90 opposite to each other. 

In addition, ohmic contact films 90a, 90a are provided on either side of the 
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semiconductor active film 90, where each ohmic contact film is made using amorphous 
silicon (a-Si) doped with high-density donor impurities such as phosphorus (P). 
Therefore, the etching stopper 93 is surrounded by drain electrode 91 and source 
electrode 92 provided on the ohmic contact films 90a, 90a, and by the semiconductor 
active film 90. Furthermore, transparent pixel electrode 95 made of indium tin oxide 
(abbreviated as "ITO", hereinbelow) is provided to cover the upper surface of the drain 
electrode 91 and the area at the right side of the drain electrode. 

In addition, passivation film 96 is provided over the gate insulating film 89, 
transparent pixel electrode 95, drain electrode 91, source electrode 92, and the like. 
On the passivation film 96, an oriented film (not shown ) is formed, on which a liquid 
crystal is disposed, so that an active matrix LCD is provided. In the LCD, the 
orientation of the molecules of the liquid crystal can be controlled by applying an 
.electric field to the molecules by using the transparent pixel electrode 95. 

A method of manufacturing the TFT substrate as shown in Figs. 33 and 34 will 
be explained. First, an Al or Al alloy thin-film layer is deposited on glass substrate 86 
by using a general thin-film layer forming method such as a sputtering method, in 
which DC (direct current) power is applied to a target made of Al or Al alloy. In the 
next step, gate electrode 88 is formed by removing unnecessary Al or Al alloy portions 
outside the target Al or Al alloy portions necessary for forming the gate by using a 
photolithography method. In the following step, gate insulating film 89 made by using 
Si0 2 , SiN x , or the like, semiconductor active film 90, and etching stopper 93 are formed 
using a thin-film forming method such as the CVD method. In the next step, the 
ohmic contact film 90a, drain electrode 91, and source electrode 92 are formed on the 
portions formed in the previous step, by using the above-mentioned sputtering method 
and photolithography method. The formed drain electrode 91 and source electrode 92 
are then masked, and a portion of the ohmic contact film 90a is removed so as to divide 
the ohmic contact film 90a into two portions. In the final step, passivation film 96 is 
formed using the CVD method or the like, thereby obtaining a TFT substrate. 



Recently, the drive or control speed of the LCD has improved, and accordingly, 
a problem relating to delays of signal transmission due to resistance of some electrodes 
and wiring, such as the gate electrode, gate wiring, source wiring, and drain wiring, has 
become obvious. In order to solve the problem, using cupper for forming electrodes 
and wiring, whose resistance is lower than that of Al or Al alloy, has been examined. 
Such a copper (Cu) wiring can be formed by a method similar to that used for forming a 
wiring made of Al or Al alloy, that is, a Cu layer is formed using a general sputtering 
method, and unnecessary portions of the Cu layer outside a target portion for forming 
the wiring are removed by using the photolithography method. 

However, generally, Cu is easily affected by chemicals. Therefore, if Cu is 
used as a material for forming electrodes such as gate electrode 88 and wiring such as 
gate wiring G (abbreviated as "wiring material", hereinbelow) in the LCD comprising a 
TFT substrate having the structure as shown in Figs. 33 and 34, then when an etching 
material having the oxidizing capability (used for etch another layer in the latter 
process) is soaked into the Cu layer, the Cu layer may be etched and thus damaged. If 
the Cu layer is severely damaged, the Cu layer may be detached from the base 
substrate 86, or wiring may be broken or disconnected. Therefore, the possible 
etching material is limited. 

In addition, if Cu is used as the wiring material, when the resist-detaching 
solvent used in the photolithography process soaks into the Cu film, the Cu film may be 
corroded by the solvent. 

In the etching of the Cu film, the surface of the Cu film is oxidized. If an 
oxide layer of CuO, Cu 2 0, or the like is generated on the surface of the Cu film due to 
water or oxygen included in the air before the etching is performed, then the Cu film is 
etched and damaged even when an etching material having no oxidizing capability is 
used, and the wiring is broken and disconnected. Therefore, a Cu alloy may be used 
as a Cu wiring material for preventing the generation of such an oxide layer of CuO, 
Cu 2 0, or the like (on the surface of the Cu film). However, the wire resistance of the 



Cu alloy is larger than that of Cu; thus, a satisfactory effect obtained by using a material 
having a lower resistance is not expected in this case. 

If gate electrode 88 is formed using a Cu film, Cu (atoms) may disperse into 
the gate insulating film 89, so that the withstand voltage may be degraded. In addition, 
if the substrate 86b is made of a glass material, Si (atoms) in the substrate 86 may be 
incorporated in the gate electrode 88, thereby increasing the resistance of the gate 
electrode 88. 

If the drain electrode 91 and source electrode 92 are formed using Cu films, 
elements of electrodes 91 and 92, and semiconductor active film 90 disperse between 
each portion, so that the performance of the semiconductor active film 90 may be 
degraded. 

DISCLOSURE OF THE INVENTION 
In consideration of the above circumstances, the objective of the present 
invention is to provide a wiring using a Cu wiring material which has a low resistance, 
TFT substrate using the same, manufacturing method of the TFT substrate, and LCD, 
by which (i) oxidation resistance against water or oxygen, (ii) corrosion resistance 
against the etching material, resist-detaching solvent, and the like, and (iii) adhesion to 
the base can be improved, and inter-dispersion of the elements between adjacent films 
can be prevented. 

To achieve the above objective, the present invention provides a wiring 
comprising a Cu (copper) layer surrounded by a coating film made of titanium or 
titanium oxide. A specific example of the coating film has the composition ratio of the 
number of titanium atoms to the number of oxygen atoms of "1 to 0" to "1 to 2". More 
specifically, a titanium coating film or a titanium oxide coating film may be used. 

The present invention also provides a wiring comprising a Cu layer 
surrounded by a coating film made of molybdenum or molybdenum oxide. A specific 
example of the coating film has the composition ratio of the number of molybdenum 




atoms to the number of oxygen atoms of "1 to 0" to "1 to 3". More specifically, a 
molybdenum coating film or a molybdenum oxide coating film may be used. 

The present invention also provides a wiring comprising a Cu layer 
suirounded by a coating film made of chromium or chromium oxide. A specific 
example of the coating film has the composition ratio of the number of chromium atoms 
to the number of oxygen atoms of "1 to 0" to "1 to 2". More specifically, a chromium 
coating film or a chromium oxide coating film may be used. 

The present invention also provides a wiring comprising a Cu layer 
surrounded by a coating film made of tantalum or tantalum oxide. A specific example 
of the coating film has the composition ratio of the number of tantalum atoms to the 
number of oxygen atoms of "1 to 0" to "1 to 2.5". More specifically, a tantalum coating 
film or a tantalum oxide coating film may be used. 

Preferably, the thickness of the coating film surrounding the Cu film is 
approximately 5 to 30 nm, more preferably, 5 to 20 nm. If the thickness of the coating 
film is less than 5 nm, that is, too thin, then (i) oxidation resistance against water or 
oxygen, and (ii) corrosion resistance against the etching material, resist-detaching 
solvent, and the like, cannot be significantly improved. Additionally, in this case, 
inter-dispersion of the elements between adjacent films may occur. In contrast, if the 
thickness of the coating film is larger than 30 nm, much more remarkable effects 
cannot be obtained (that is, the possible effects are saturated), and the time necessary 
for forming the film increases and the wiring resistance also increases. 

If the wiring has the Cu layer and the coating film made of titanium or titanium 
oxide, the coating film may comprise a titanium film and a film made of a titanium oxide, 
a specific example thereof having a titanium film and a film having the composition ratio 
of the number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

If the wiring has the Cu layer and the coating film made of titanium or titanium 
oxide, the coating film may comprise a titanium film formed around the Cu layer, and a 
film which is made of titanium oxide and is formed on the surface of the titanium film, a 



specific example thereof having a titanium film formed around the Cu layer, and a film 
which is formed on the surface of the titanium film and has the composition ratio of the 
number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

If the wiring has the Cu layer and the coating film made of titanium or titanium 
oxide, the coating film may comprise a titanium film provided at a portion of the 
circumferential area of the Cu layer, and a film which is provided at the remaining 
portion of the circumferential area of the Cu layer and is made of titanium oxide, a 
specific example thereof having a titanium film provided at a portion of the 
circumferential area of the Cu layer, and a film which is provided at the remaining 
portion of the circumferential area of the Cu layer and has the composition ratio of the 
number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

If the wiring has the Cu layer and the coating film made of chromium or 
chromium oxide, the coating film may comprise a chromium film and a film made of a 
chromium oxide, a specific example thereof having a chromium film and a film having 
the composition ratio of the number of chromium atoms to the number of oxygen atoms 
of "1 to 1" to "1 to 2". 

If the wiring has the Cu layer and the coating film made of chromium or 
chromium oxide, the coating film may comprise a chromium film formed around the Cu 
layer, and a film which is made of chromium oxide and is formed on the surface of the 
chromium film, a specific example thereof having a chromium film formed around the 
Cu layer, and a film which is formed on the surface of the chromium film and has the 
composition ratio of the number of chromium atoms to the number of oxygen atoms of 
"1 to 1" to "1 to 2". 

If the wiring has the Cu layer and the coating film made of chromium or 
chromium oxide, the coating film may comprise a chromium film provided at a portion 
of the circumferential area of the Cu layer, and a film which is provided at the 
remaining portion of the circumferential area of the Cu layer and is made of chromium 
oxide, a specific example thereof having a chromium film provided at a portion of the 



circumferential area of the Cu layer, and a film which is provided at the remaining 
portion of the circumferential area of the Cu layer and has the composition ratio of the 
number of chromium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

In order to solve the above problems, the present invention also provides a 
TFT substrate employing a wiring having the structure as explained above. 

The present invention also provides a TFT substrate comprising a base and a 
wiring as explained above which is formed on the base via a TiN film. 

The present invention also provides a TFT substrate comprising a base and a 
wiring comprising a Cu layer and a coating film made of titanium or titanium oxide 
which is formed on the surface of the Cu layer, wherein the wiring is provided on the 
base via a TiN film. A specific example of the coating film made of titanium or 
titanium oxide has the composition ratio of the number of titanium atoms to the 
number of oxygen atoms of "1 to 0" to "1 to 2". 

In the TFT substrate comprising a base and a wiring comprising a Cu layer and 
a coating film made of titanium or titanium oxide which is formed on the surface of the 
Cu layer, the wiring may be provided on the base via a TiN film. The coating film of 
the wiring may include a titanium film formed on the surface of the Cu layer, and a film 
which is made of titanium oxide and is formed on the surface of the titanium film. A 
specific example of the coating film made of titanium oxide has the composition ratio of 
the number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

Preferably, the thickness of the TiN film is approximately 10 to 50 nm. With 
a TiN film having a thickness of less than 10 nm, if the above coating film functioning as 
a barrier layer is not formed between the Cu film (of the wiring) and the base, or if the 
coating film does not have a sufficient thickness, then it is impossible to obtain a 
sufficient effect of preventing elements dispersed from the base or an adjacent film 
made of Si0 2 , SiON, SiO x , or the like, from being incorporated into the wiring. On the 
other hand, with a thick TiN film having a thickness of more than 5Q nm, much more 
remarkable effects cannot be obtained (that is, the possible effects are saturated), and 
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the time necessary for forming the film increases. 

In the wiring having the above-explained structure, (i) the coating film, formed 
around the Cu layer, functions as a protective layer against a chemical solution such as 
a resist-detaching solvent or an etchant, or water, or as a barrier layer for preventing 
the inter-dispersion of the elements between adjacent films, or (ii) the coating film, 
formed on the surface of the Cu layer, functions as a protective layer against a chemical 
solution such as a resist-detaching solvent or an etchant, or water. 

According to the TFT substrate (of the present invention) comprising the 
wiring as explained above, even if an etching material having the oxidizing capability, 
used in a latter process for etching other layers, soaks into the Cu wiring, the wiring is 
not easily damaged by the etching material because the above coating film functioning 
as a protective layer is formed around or on the Cu layer. Therefore, it is possible to 
prevent the wiring from being detached from the base, and breaking of wiring can also 
be prevented and the etching material to be used is less limited. 

In addition, even if a resist-detaching solvent used in the photolithography 
process soaks into the wiring, the corrosion of the wiring caused by the resist- 
detaching solvent can be prevented because the above coating film functioning as a 
protective layer is formed around or on the Cu layer. 

As the wiring according to the present invention has the coating film around or 
on the Cu layer, no oxide layer due to presence of water is generated on the surface of 
the wiring before the etching. Therefore, the wiring is not easily damaged by an 
etching material having no oxidizing capability, and thus breaking of wiring can be 
prevented. In addition, as the coating film functioning as a barrier layer is formed 
around the Cu layer, even if elements disperse from an adjacent film, the dispersed 
atoms are blocked by the coating film and cannot be incorporated in the wiring. 
Therefore, it is possible to prevent an increase of the wiring resistance caused by the 
dispersion of the elements from an adjacent film. Furthermore, dispersion of Cu 
atoms in the Cu layer to an adjacent film can also be prevented by the above coating 



film. Therefore, it is possible to prevent degradation of withstand voltage caused by 
the dispersion of Cu atoms from the Cu layer, and degradation of the performance of a 
semiconductor active film. 

In addition, as the coating film functioning as a barrier layer is formed around 
the Cu layer in the wiring, even if elements disperse from an adjacent film at the upper 
or right or left side of the wiring (i.e., of the coating film), the dispersed atoms are 
blocked by the coating film and cannot be incorporated in the wiring. Therefore, it is 
possible to prevent an increase of the wiring resistance caused by the dispersion of the 
elements from an adjacent film. Furthermore, dispersion of Cu atoms in the Cu layer 
to an adjacent film at the upper or right or left side of the wiring can also be prevented 
by the above coating film. Therefore, it is possible to prevent degradation of 
withstand voltage caused by the dispersion of Cu atoms from the Cu layer, and 
degradation of performance of a semiconductor active film. 

In addition, as the circumferential area or the surface of the Cu layer is covered 
with the above coating film, when an insulating film or passivation film made of silicon 
oxide is formed on the wiring by using the CVD method or the like, it is possible to 
prevent a reaction between Cu of the Cu film and the SiH 4 gas used for forming the 
insulating film or the like. Therefore, it is possible to prevent generation of needle- 
like protrusions on the Cu layer (caused by such a chemical reaction), and to prevent 
degradation of insulation resistance caused by such needle-like protrusions. 

Even if the wiring according to the present invention directly contacts a pixel 
electrode made of a transparent conductive film such as ITO or IZO, the wiring is not 
oxidized by the oxygen in the ITO or IZO (it is oxidized if aluminium is used as the 
wiring material); therefore, the contact resistance with respect to ITO or IZO is low. 

In the TFT substrate (according to the present invention) comprising a TiN 
film between the wiring and the base, even if the coating film functioning as a barrier 
layer is not provided between the lower face of the Cu layer (as a constituent of the 
wiring) and the base, or if the coating film (provided between the lower face of the Cu 
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layer and the base) is not sufficiently thick, elements (i.e., atoms) dispersed from the 
base or an adjacent film towards the wiring can be blocked by the TiN film. Therefore, 
it is possible to effectively prevent an increase of the wiring resistance caused by the 
element dispersion from the base or an adjacent film. The adhesion of the wiring can 
also be improved by the TiN film. 

According to the TFT substrate of the present invention, (i) oxidation 
resistance against water or oxygen, and (ii) resistance against the etching material, 
resist-detaching solvent, and the like can be improved while the characteristics 
obtained by using Cu (having low resistance) as the wiring material are maintained. 
Therefore, the adhesion to the base can be improved, breakage of wiring and corrosion 
are prevented, the etching material to be used is less limited, and the processes after 
the wiring is formed are less limited. In addition, inter-dispersion of the elements 
between adjacent films can be prevented, thereby providing a TFT substrate having 
desirable withstand voltage and desirable characteristics of the semiconductor active 
film. 

The present invention also provides a method of manufacturing a TFT 
substrate, comprising the steps of: 

forming a Cu film on a metallic film by using a target made of Cu, wherein the 
metallic film is formed on a base and is made of a metal selected from the group 
consisting of titanium, molybdenum, chromium, and tantalum; 

patterning-processing the Cu film and the metallic film to make a wiring having 
a desired shape; and 

annealing-processing the base so as to form a metallic coating film on the 
patterning-processed Cu film, wherein the metallic coating film is made of a metal 
selected from the group consisting of titanium, molybdenum, chromium, and tantalum. 

In the above method, the annealing-process is performed at approximately 400 
to 1200 X: , and for about 30 minutes to 1 hour. At annealing temperature of less than 
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400 *C , the temperature is too low and elements in the metallic film cannot be 
sufficiently incorporated in the Cu film for forming a necessary wiring. At an 
annealing temperature of more than 1200 *C, the temperature is too high and the Cu 
film melts and Cu wiring having a low resistance cannot be formed. 

According to the above TFT substrate manufacturing method of the present 
invention, a TFT substrate comprising a wiring having the above-explained structure 
according to the present invention can be manufactured. The step of forming a Cu 
film on a metallic film by using a target made of Cu, wherein the metallic film is formed 
on a base and is made of a metal selected from the group consisting of titanium, 
molybdenum, chromium, and tantalum may be performed using a two-frequency 
excited sputtering apparatus, in a non-oxide atmosphere. According to this step, the 
elements in the metallic film can be incorporated in the Cu film. After that, the Cu 
layer is formed by the step of patterning-processing the Cu film and the metallic film to 
make a wiring having a desired shape, and the base is then annealing-processed. 
Accordingly, the metal elements incorporated in the Cu film disperse towards the 
surface of the Cu layer, thereby forming the metallic coating film, made of a metal 
selected from among titanium, molybdenum, chromium, and tantalum, around the Cu 
layer. Therefore, the elements of the metallic film formed on the base are 
incorporated in the Cu film while the Cu film is formed, and the base is then annealing- 
processed, so that the elements of the metallic film are dispersed towards the surface 
of the Cu layer and a coating film. functioning as the protective layer or barrier layer is 
formed. Accordingly, in comparison with the case of depositing such a coating film on 
the Cu layer by using a sputtering method or the like, the wiring can be thinner, and 
even with a thin coating film (of the wiring), the oxidation resistance against water or 
oxygen, and the acid resistance against the etching material, or the like can be 
sufficiently improved, as described above. 

The present invention also provides a method of manufacturing a TFT 
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substrate, comprising the steps of: 

forming a TiN film on a base; 

forming a film made of titanium or titanium oxide on the TiN film; 

forming a Cu film on the film made of titanium or titanium oxide by using a 
target made of Cu, so that a multi-layered film is formed; 

patterning-processing the multi-layered film to make a wiring having a desired 
shape; and 

annealing-processing the base so as to form a coating film made of titanium or 
titanium oxide on the patterning-processed Cu film. 

A specific example of the film made of titanium or titanium oxide has the 
composition ratio of the number of titanium atoms to the number of oxygen atoms of "1 
to 0" to "1 to 2". A specific example of the coating film made of titanium or titanium 
oxide has the composition ratio of the number of titanium atoms to the number of 
oxygen atoms of "1 to 0" to "1 to 2". 

In the above method, the annealing-process are performed at approximately 
300 to 1200 *C, and for about 30 minutes to 1 hour. At annealing temperature of less 
than 300 *C, the temperature is too low and elements in the metallic film cannot be 
sufficiently incorporated in the Cu film for forming a necessary wiring, so that a 
desirable coating film made of titanium or titanium oxide cannot be formed on the Cu 
layer. At annealing temperature of more than 1200 *C, the temperature is too high 
and the Cu film melts and Cu wiring having a low resistance cannot be formed. 

According to the above TFT substrate manufacturing method, a TFT substrate 
comprising the wiring (having the above-explained structure according to the present 
invention) via the TiN film can be manufactured. On a film made of titanium or 
titanium oxide formed on the base via a TiN film, a Cu film can be formed by using a 
target made of Cu, and by using a two-frequency excited sputtering apparatus, in a non- 
oxide atmosphere. Accordingly, the elements in the film made of titanium or titanium 
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oxide can be incorporated in the Cu film. After that, the Cu layer is formed by the 
step of patteming-processing the multi-layered film consisting of the film made of 
titanium or titanium oxide and the Cu film so as to make a wiring having a desired 
shape, and the base is then annealing-processed. Accordingly, the titanium elements 
incorporated in the Cu film disperse towards the surface of the Cu layer, thereby 
forming the coating film, which is made of titanium or titanium oxide and functions as 
the protective or barrier layer, on or around the Cu layer. Such a coating film for the 
wiring of the TFT substrate may be formed around the Cu layer or on the surface of the 
Cu layer. Each arrangement can be obtained by controlling the thickness of the film 
made of titanium or titanium oxide, or conditions of the annealing process (of the base) 
such as the annealing temperature. 

Also in the above TFT substrate manufacturing method, preferably, the 
thickness of the film made of titanium or titanium oxide formed on the TiN film is 10 to 
20 nm. With a thickness (of the film made of titanium or titanium oxide) of 20 nm or 
less, the increase of the resistance is small and remarkable effects can be obtained by 
using Cu as the wiring material. With a thickness (of the film made of titanium or 
titanium oxide) of more than 30 nm, the resistance increases as much as the case when 
Al is used as the wiring material; thus, using Cu no longer has any meaning. With a 
thickness (of the film made of titanium or titanium oxide) of less than 10 nm, the 
number of titanium elements dispersing towards the surface of the Cu layer by the 
annealing is small; thus the coating film, which is made of titanium or titanium oxide 
and has the composition ratio of the number of titanium atoms to the number of oxygen 
atoms of "1 to 0" to "1 to 2", is thin and sufficient effects as the protective or barrier 
layer cannot be obtained. 

In the above TFT substrate manufacturing method, a titanium oxide layer, 
which is generated on the surface of the film made of titanium or titanium oxide before 
the Cu film is formed, may be removed by plasma etching. Accordingly, the 
temperature of the annealing process of the base (performed for dispersing the titanium 




elements incorporated in the Cu film towards the surface of the Cu layer) can be 
decreased. 

Either TFT substrate manufacturing method as explained above may include 
the step of forming a Cu film on (i) a base on which a metallic film is formed, or (ii) a 
base on which a film made of titanium or titanium oxide is formed via a TiN film, by 
using the two-frequency excited sputtering method; the step of patterning the Cu film; 
and the step of annealing the base. Therefore, the wiring according to the present 
invention can be easily formed on the base and the manufacturing processes are not 
complicated. 

In addition, in each TFT substrate manufacturing method, the wiring according 
to the present invention can be formed on the base at a low temperature; thus, the 
present method can be applied to a case using a glass substrate which cannot tolerate 
heating at 600 °C or more. 

In each TFT substrate manufacturing method, the coating film may include 

oxygen. 

If the atmosphere in the annealing process includes no oxygen, a coating film 
having 0 atom% of the content of the oxygen atoms can be obtained. In addition, the 
percentage content of the oxygen atoms in the coating film can be gradually increased 
by gradually increasing the partial pressure of oxygen in the atmosphere in the 
annealing process. 

The present invention also provides an LCD comprising a pair of opposing 
substrates and a liquid crystal disposed between the opposing substrates, wherein one 
of the pair of opposing substrates is the TFT substrate according to the present 
invention. 

The LCD of the present invention comprises the TFT substrate using a Cu 
wiring having a low resistance; thus, signal-voltage drop due to the wiring resistance 
and signal delay relating to wiring do not easily occur, and it is possible to easily 
provide a display suitable for a wide-area display using longer wiring, or for a fine 




display using thinner wiring. In addition, the wiring is not easily detached from the 
base, breakage of wiring and corrosion are prevented, and inter-dispersion of the 
elements between adjacent wiring and film is prevented in the TFT substrate; thus, an 
LCD having preferable performance can be provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing the cross-sectional structure of the first embodiment 
of the LCD and the TFT substrate according to the present invention. 

Fig. 2 is an enlarged cross-sectional view showing another example of the gate 
electrode provided in the TFT substrate in Fig. 1. 

Fig. 3 is an enlarged cross-sectional view showing another example of the gate 
electrode provided in the TFT substrate in Fig. 1. 

Fig. 4 is a diagram showing the structure of the film formation chamber of the 
thin-film formation apparatus preferably used for manufacturing the embodiment of the 
TFT substrate according to the present invention. 

Fig. 5 is a plan view showing the general structure of the thin-film formation 
apparatus preferably used for manufacturing the embodiment of the TFT substrate 
according to the present invention. 

Fig. 6 is an enlarged side view showing a portion of the thin-film formation 
apparatus of Fig. 5. 

Fig. 7A is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 7B is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 7C is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 7D is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 
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Fig. 8A is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 8B is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 8C is a view showing a process of the method of manufacturing the TFT 
substrate of the first embodiment according to the present invention. 

Fig. 9 is a view showing the cross -sectional structure of the second 
embodiment of the LCD and the TFT substrate according to the present invention. 

Fig. 10A is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 10B is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. IOC is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 10D is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 11A is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 1 IB is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 11C is a view showing a process of the method of manufacturing the TFT 
substrate of the second embodiment according to the present invention. 

Fig. 12 is an enlarged cross-sectional view showing another example of the 
gate electrode provided in the TFT substrate in Fig. 9. 

Fig. 13 is an enlarged cross-sectional view showing another example of the 
gate electrode provided in the TFT substrate in Fig. 9. 

Fig. 14 is a view showing the cross-sectional structure of the third 
embodiment of the TFT substrate according to the present invention. 
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Fig. 15 is a photograph showing the metallographic structure on the surface of 
the wiring of the specific example 1 after the wiring was immersed in the etchant. 

Fig. 16 is a photograph showing the metallographic structure on the surface of 
the wiring of the specific example 2 after the wiring was immersed in the etchant. 

Fig. 17 is a photograph showing the metallographic structure on the surface of 
the wiring of the comparative example 1 after the wiring was immersed in the etchant. 

Fig. 18 is a graph showing the structure of the wiring of specific example 1 
before the annealing, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 19 is a graph showing the structure of the wiring of specific example 1 
after the annealing, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 20 is a photograph showing the metallographic structure on the surface of 
the wiring of the specific example 3 after the wiring was immersed in the etchant. 

Fig. 21 is a photograph showing the metallographic structure on the surface of 
the wiring of the specific example 4 after the wiring was immersed in the etchant. 

Fig. 22 is a photograph showing the metallographic structure on the surface of 
the wiring of the comparative example 4 after the wiring was immersed in the etchant. 

Fig. 23 is a graph showing the structure of the wiring of specific example 3 
before the annealing, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 24 is a graph showing the structure of the wiring of specific example 3 
after the annealing, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 25 is a graph showing the structure of specimen 1, analyzed using the 
Auger Electron Spectroscopy analysis method. 

Fig. 26 is a graph showing the structure of specimen 2, analyzed using the 
Auger Electron Spectroscopy analysis method. 

Fig. 27 is a graph showing the structure of specimen 3, analyzed using the 
Auger Electron Spectroscopy analysis method. 

Fig. 28 is a graph showing the analyzed sheet resistance of the multi-layered 
film of specimens 4 to 8. 
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Fig. 29 is a graph showing the analyzed barrier function of the metallic film 
between the a-Si : n + layer and the Cu film of specimens 4 to 7. 

Fig. 30 is a graph showing the structures of the specimen 9 before the 
annealing process and after the annealing processes at various annealing temperatures 
in a range from 250 to 500 *C f analyzed using the Auger Electron Spectroscopy 
analysis method. 

Fig. 31 is a graph showing the structures of the specimen 10 before the 
annealing process and after the annealing processes at various annealing temperatures 
from 300 to 500 °C, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 32 is a graph showing the analyzed sheet resistance of the multi-layered 
film of specimens 11 to 14. 

Fig. 33 is a general plan showing the pixel portion in an example TFT 
substrate provided in a conventional LCD. 

Fig. 34 is a cross-sectional view showing the TFT substrate of Fig. 33. 

MODES FOR CARRYING OUT THE INVENTION 
Hereinbelow, preferred embodiments of the present invention will be 
explained in detail; however, the present invention is not limited to these 
embodiments. 

First embodiment 

Fig. 1 shows a distinctive portion of the first embodiment of the LCD according 
to the present invention. The LCD 30 of this embodiment comprises bottom-gate 
type TFT substrate 31 as an embodiment of the TFT substrate of the present invention, 
transparent opposing substrate 32 separate from and parallel to the TFT substrate 31, 
and liquid crystal layer 33 enclosed between the TFT substrate 31 and opposing 
substrate 32. 
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Similar to the conventional structure shown in Fig. 33, in the TFT substrate 31, 
several source wiring lines arranged in each column direction of a matrix structure 
(present in a plan observed from the upper face side of the opposing substrate 32) and 
several gate wiring lines in each row direction of the matrix structure cross each other. 
In this structure, each area surrounded by the wiring of adjacent sources and gates is 
called a pixel portion. In each pixel portion, pixel electrode 35 made of a transparent 
conductive material such as ITO (indium tin oxide) is provided. A bottom-gate type 
TFT is provided in the vicinity of each pixel electrode 35. 

Fig. 1 is an enlarged view showing the TFT provided in an area corresponding 
to a pixel portion (surrounded by the source and gate wiring lines) and the vicinity of 
the TFT. Several pixel portions are arranged on TFT substrate 31 so as to form a 
display screen as LCD 30. 

In each pixel portion of this type of TFT substrate 31, (i) gate electrode 40 is 
provided on substrate (base) 36, at least the surface of which (substrate) is insulated, 
(ii) gate insulating film 41 is provided over the gate electrode 40 and substrate 36, (iii) 
semiconductor active film 42 is further deposited on the gate insulating film 41 
(provided on the gate electrode 40), where the film 42 is smaller than the gate 
electrode (wiring) 40, and (iv) ohmic contact films 43 and 44 made by using the n + layer 
or the like are provided on either end side of the semiconductor active film 42, where . 
the films 43 and 44 are separated from each other, and each end position of the 
semiconductor active film 42 agrees with one end position (the side farer from the 
opposing ohmic contact film) of each ohmic contact film. A glass substrate or a 
substrate on which SiN x film 36a is formed may be used as substrate 36. 

The gate electrode 40 has a Cu (copper) layer 40a which is coated by coating 
film 40b. The material of coating film 40b is one of (i) titanium or titanium oxide, (ii) 
molybdenum or molybdenum oxide, (iii) chromium or chromium oxide, and (iv) 
tantalum or tantalum oxide. 

A specific example of the coating film made of (i) titanium or titanium oxide has 
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the composition ratio of the number of titanium atoms to the number of oxygen atoms 
of "1 to 0" to "Ito 2". 

A specific example of the coating film made of (ii) molybdenum or molybdenum 
oxide has the composition ratio of the number of molybdenum atoms to the number of 
oxygen atoms of "1 to 0" to "1 to 3". 

A specific example of the coating film made of (iii) chromium or chromium 
oxide has the composition ratio of the number of chromium atoms to the number of 
oxygen atoms of "1 to 0" to "1 to 1.5". 

A specific example of the coating film made of (iv) tantalum or tantalum oxide 
has the composition ratio of the number of tantalum atoms to the number of oxygen 
atoms of "1 to 0" to "1 to 2.5". 

In contrast, the above coating film 40b may comprise a titanium film and a film 
made of a titanium oxide, a specific example thereof having a titanium film and a film 
having the composition ratio of the number of titanium atoms to the number of oxygen 
atoms onto 1" to "1 to 2". 

A more specific example shown in Fig. 2 has titanium film 40f provided around 
Cu layer 40a, and film 40g which is provided on the surface of titanium film 40f and is 
made of a titanium oxide which has the composition ratio of the number of titanium 
atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

Another specific example shown in Fig. 3 has titanium film 40h provided at a 
portion of the circumferential area of Cu layer 40a, and film 40i which is provided at the 
remaining portion of the circumferential area of Cu layer 40a and is made of a titanium 
oxide which has the composition ratio of the number of titanium atoms to the number 
of oxygen atoms of "1 to 1" to "1 to 2". 

On the other hand, the above coating film 40b may comprise a chromium film 
and a film made of a chromium oxide, a specific example thereof having a chromium 
film and a film having the composition ratio of the number of chromium atoms to the 
number of oxygen atoms of "1 to 1" to "1 to 2". 



A more specific example has a chromium film provided around Cu layer 40a, 
and a film which is provided on the surface of the chromium film and is made of a 
chromium oxide which has the composition ratio of the number of chromium atoms to 
the number of oxygen atoms of "1 to 1" to "1 to 2". 

Another specific example has a chromium film provided at a portion of the 
circumferential area of Cu layer 40a, and a film which is provided at the remaining 
portion of the circumferential area of Cu layer 40a and is made of a chromium oxide 
which has the composition ratio of the number of chromium atoms to the number of 
oxygen atoms of "1 to 1" to "1 to 2". 

Source electrode 46 is provided over (i) the upper and left-side faces of ohmic 
contact film 43 (one of the ohmic contact films which is farer from the pixel electrode 
35 shown in Fig. 1), (ii) the left-side face of the semiconductor active film 42 under the 
ohmic contact film 43, and (iii) a portion of the upper face of the gate insulating film 41 
contacting the semiconductor active film. That is, the overlapped portion of the 
semiconductor active film 42 and ohmic contact film 43 is covered with the source 
electrode 46. The source electrode 46 has Cu layer 46a coated with coating film 46b. 
The composition of the coating film 46b is similar to that of coating film 40b of the gate 
electrode 40. In addition, similar to the coating film 40b of the gate electrode 40, the 
coating film 46b may comprise a titanium film and a film made of a titanium oxide which 
has, for example, the composition ratio of the number of titanium atoms to the number 
of oxygen atoms of "1 to 1" to "1 to 2". 

In contrast, drain electrode 48 is provided over (i) the upper and right-side 
faces of ohmic contact film 44 (one of the ohmic contact films which is nearer to the 
pixel electrode 35 shown in Fig. 1), (ii) the right-side face of the semiconductor active 
film 42 under the ohmic contact film 44, and (iii) a portion of the upper face of the gate 
insulating film 41 contacting the semiconductor active film. That is, the overlapped 
portion of the semiconductor active film 42 and ohmic contact film 44 is covered with 
the drain electrode 48. The drain electrode 48 has Cu layer 48a coated with coating 
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film 48b. The composition of the coating film 48b is similar to that of coating film 40b 
of the gate electrode 40. In addition, similar to the coating film 40b of the gate 
electrode 40, the coating film 48b may comprise a titanium film and a film made of a 
titanium oxide which has, for example, the composition ratio of the number of titanium 
atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 

The top face of these layered films is covered with passivation film 49. A 
pixel electrode 35 is provided on the passivation film 49, and on the right end of the 
drain electrode 48. The pixel electrode 35 is connected to the drain electrode 48 via 
connection conductor 51 provided in the contact hole (i.e., conduction hole) 50 formed 
in the passivation film 49. 

On the other hand, at the liquid crystal side of the opposing substrate 32 
opposed to the TFT substrate 31; color filter 52 and common electrode film 53 are 
deposited on the opposing substrate 32 in turn. 

The main constituents of color filter 52 are black matrix 54 for covering a 
portion of the TFT, gate wiring, and source wiring, which is not related to the display 
function, and color pixel portion 55 for transmitting light which passes through a pixel 
area (having the pixel electrode 35) relating to the color display function. The color 
pixel portion 55 is necessary for a color LCD, and is provided for each pixel. As for 
the total display screen, three kinds of pixel portions corresponding to three primary 
colors R (red), G (green), and B (blue) are arranged in a regular or random pattern in a 
manner such that the adjacent pixel portions have different colors and the three color 
portions are balanced. 

In the cross-sectional structure shown in Fig. 1, oriented films provided at the 
liquid crystal side of TFT substrate 31 and at the liquid crystal side of the opposing 
substrate 32 are not shown, and polarizing plates provided at the outer side of TFT 
substrate 31 and at the outer side of the opposing substrate 32 are also not shown. 

In the TFT substrate 31 provided in LCD 30 shown in Fig. 1, Cu layers 40a, 
46b, and 48a are respectively coated with coating films 40b, 46b, and 48b, each 
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functioning as a protective film. Therefore, even if an etching material having the 
oxidizing capability, used in a latter process for etching other layers, reaches the gate 
electrode 40, source electrode 46, and drain electrode 48, each electrode is not easily 
damaged. Therefore, it is possible to prevent each electrode from being detached 
from the base, and breaking of wiring can also be prevented and the etching material to 
be used is less limited. 

Similarly, as Cu layers 40a, 46b, and 48a are respectively coated with coating 
films 40b, 46b, and 48b, even if a resist-detaching solvent used in the photolithography 
process reaches the gate electrode 40, source electrode 46, and drain electrode 48, 
each electrode is not easily corroded by the resist-detaching solvent. 

In addition, Cu layers 40a, 46b, and 48a of the gate electrode 40, source 
electrode 46, and drain electrode 48 are respectively coated with coating films 40b, 46b, 
and 48b as described above; therefore, no oxide layer is formed (due to the water 
content) on the surface of each electrode before the etching, and thus each electrode is 
also not easily damaged by an etching material having no oxidizing capability, thereby 
preventing generation of breaking of wiring. 

In addition, the gate electrode 40, source electrode 46, and drain electrode 48 
respectively have coating films 40b, 46b, and 48b as described above; therefore, when 
the insulating film 41 or passivation film 49 is formed on each electrode by using the 
CVD method or the like, it is possible to prevent chemical reaction between Cu 
(included in electrodes 40, 46, and 48) and SiH 4 gas used for forming the insulating film 
and the like. Therefore, it is possible to prevent generation of needle-like protrusions 
on each Cu layer (caused by such a chemical reaction), and to prevent degradation of 
insulation resistance caused by such needle-like protrusions. 

As described above, in the gate electrode 40, source electrode 46, and drain 
electrode 48, Cu layers 40a, 46b, and 48a are respectively coated with coating films 40b, 
46b, and 48b, each functioning as a barrier layer. Therefore, even if Si atoms disperse 
from base 36, the atoms are blocked by coating film 40b and cannot enter the gate 40, 



thereby preventing an increase of resistance of gate electrode 40. Similarly, even if 
Cu atoms disperse from Cu layer 40a, the atoms are also blocked by coating film 40b 
and cannot enter the gate insulating film 41, thereby preventing degradation of 
withstand voltage caused by the dispersion of Cu atoms. Similarly, even if Cu atoms 
disperse from Cu layers 46a and 48a, the atoms are also blocked by coating film 46b and 
48b and cannot enter the semiconductor active film 42, thereby preventing degradation 
of performance of the semiconductor active film 42 caused by the dispersion of Cu 
atoms. 

Here, even though electrode 48 directly contacts the pixel electrode made of 
ITO, the electrode 48 is not oxidized by the oxygen in the ITO (it is oxidized if 
aluminium is used as the wiring material); therefore, the contact resistance with 
respect to ITO is low. 

According to the TFT substrate 31 in the present embodiment, resistance to 
oxidation with respect to water or oxygen, and resistance to the etching material or 
resist-detaching solvent can be improved while keeping the effects of using Cu as 
wiring material. Therefore, adhesion with respect to the base can also be improved, 
and breakage of wiring and corrosion can be prevented. Additionally, several kinds of 
etching materials can be used; thus, the processes performed after the Cu wiring are 
formed are less limited. Furthermore, inter-dispersion of elements between adjacent 
films can be prevented. Accordingly, it is possible to provide a TFT substrate having 
desirable withstand voltage, and desirable performance of the semiconductor active 
film. 

In LCD 30 having the above-explained TFT substrate 31 in the present 
embodiment, signal-voltage drop due to the wiring resistance and signal delay relating 
to wiring do not easily occur, and it is possible to easily provide a display suitable for a 
wide-area display using longer wiring, or for a fine display using thinner wiring. In 
addition, the wiring is not easily detached from the base, breakage of wiring and 
corrosion are prevented, and inter-dispersion of the elements between adjacent wiring 
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and film is prevented in the TFT substrate 31; thus, an LCD having preferable 
performance can be provided. 

Below, an embodiment of the method of manufacturing the TFT substrate 
according to the present invention will be explained. Here, the method of 
manufacturing the TFT substrate as shown in Fig. 1 will be explained. 

Fig. 4 shows a film formation chamber suitably used for forming thin films for 
manufacturing the TFT substrate explained in the first embodiment. Fig. 5 is a plan 
view showing the general structure of the thin-film formation apparatus, and Fig. 6 is 
an enlarged side view showing a portion of the thin-film formation apparatus shown in 
Fig. 5. 

Fig. 4 shows film formation chamber 60 which can be maintained in a 
decompressed state. This film formation chamber 60 is joined to (a side of) transfer 
chamber 61 via gate valve 62, as shown in Fig. 5. 

In addition to the film formation chamber 60, the transfer chamber 61 is also 
surrounded by loader (or loading) chamber 63, unloader (or unloading) chamber 64, and 
stocker chamber 65, where these chambers are joined to the transfer chamber 61 via 
gate valves 66, 67, and 68. As explained above, thin-film formation apparatus A' 
consists of film formation chamber 60, transfer chamber 61, loader chamber 63, 
unloader chamber 64, and stocker chamber 65. 

As shown in Fig. 4, the first electrode 70 is provided in the upper area of the 
above film formation chamber 60, and target 71 is detachably attached to the bottom 
face of the electrode 70, while the second electrode 72 is provided in the bottom area of 
the film formation chamber 60, and substrate 36, at least the surface of which is 
insulated, is detachably attached to the top face of the second electrode 72. 

When gate electrode 40, source electrode 46, or drain electrode 48 is formed, 
one (metal) of titanium, molybdenum, chromium, and tantalum, or Cu is used as 
materials for forming target 71. When an a-Si : n + layer is formed, P-doped Si for 



• 26 # 



forming an n-type a-Si : n + layer is used as a material for target 71. 

A glass substrate may be preferably used as substrate 36, for forming a TFT 
substrate. In order to attach the target 71, a generally known target attaching 
mechanism such as an electrostatic chuck can be used. 

The first electrode 70 consists of main portion 70a made of a conductive 
material, and protective layer 70b formed on the surface of the main portion 70a, where 
the protective layer 70b may be an oxide, nitride, or fluoride film. 

The first AC (alternating current) power supply 75 is connected to the first 
electrode 70, and matching circuit 75a is inserted between the first electrode 70 and 
first AC power supply 75. The matching circuit 75a can cancel the reflected wave 
with respect to the high-frequency electric power. 

In addition, DC (direct current) power supply 78 is also connected to the first 
electrode 70 via band-pass filter 77, such as a low-pass filter, for adjusting the 
impedance. The impedance of the circuit can be unlimitedly adjusted by using the 
band-pass filter 77, so as not to include a high-frequency wave in the output of the DC 
power supply 78. 

In contrast, the second AC power supply 80 is connected to the second 
electrode 72, and matching circuit 80a (having functions similar to those of the above- 
explained matching circuit 75a) is inserted between the second electrode 72 and the 
second AC power supply 80. 

The film formation chamber 60 also has an exhaust unit 60a for evacuating the 
chamber or discharging gas from the chamber, a reaction-gas supply mechanism 60b for 
supplying a reaction gas to the film formation chamber 60, and the like, but detailed 
structures of these structural elements are not shown in Fig. 4 in order to simplify the 
explanations. 

In the transfer chamber 61, a link type transfer mechanism (magic hand) 69 is 
provided, and this transfer mechanism 69 can freely rotate with spindle 74 provided at 
the center of the transfer chamber 61. The target 71 can be pulled out of cassette 79 
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stored in the stocker chamber 65 by using the transfer mechanism 69, and can also be 
transferred to the film formation chamber 60 and further attached to the first electrode 
70 in the film formation chamber 60. 

A dummy target 71a is also stocked in the cassette 79, and this dummy target 
71a can also be transferred to the film formation chamber 60. 

The thin-film formation apparatus as shown in Figs. 4 to 6 can form one or 
more films by using a single film formation chamber 60. For example, it is possible to 
successively form metallic and Cu films for forming the gate electrode 40; metallic and 
Cu films for forming gate insulating film 41, semiconductor active film 42, ohmic 
contact films 43 and 44, and source electrode; and metallic and Cu films for forming 
drain electrode 48; and passivation film 49. 

That is, in the film formation chamber 60, it is possible to successively perform 
the CVD film-formation and the sputtering film-formation by selecting a suitable power 
supply, where the CVD method is applied to the formation of the gate insulating film, 
semiconductor active film, and passivation film 49, while the sputtering method is 
applied to the formation of metallic and Cu films for forming the ohmic contact films and 
gate electrode, and metallic and Cu films for forming the source electrode, and metallic 
and Ca films for forming the drain electrode. 

In the film formation, after film formation chamber 60, transfer chamber 61, 
and stocker chamber 65 are decompressed, gate valves 62 and 68 are opened and glass 
substrate 36 is attached to the second electrode 72 by using the transfer mechanism 69. 
The gate valve 62 is then closed, and necessary thin films such as gate electrode 40 are 
formed on substrate 36 according to the following processes. 

1- 1 Process of forming a metallic film for forming the gate electrode 

An Ar gas atmosphere is generated in the film formation chamber 60, and 
target 71 made of a metal material selected from titanium, molybdenum, chromium, and 
tantalum is attached to the first electrode 70. The glass substrate 36 is attached to the 
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second electrode 72. Under these conditions, high-frequency power having a 
frequency of approximately 13.6 MHz is supplied from the first AC power supply 75 to 
the first electrode 70. The sputtering process is then performed using a negative load 
having a voltage of -200 V (supplied from the DC power supply 78), so that a metallic 
film 40e having a thickness of approximately 50 nm is deposited on the substrate 36, as 
shown in Fig. 7A. 

Here, a metallic oxide layer generated by reaction between metal elements of 
the metallic film 40e and remaining oxygen in the film formation chamber 60 may be 
formed on the metallic film 40e. Preferably, such a metallic oxide layer is removed by 
the plasma etching. 

In this plasma etching, after an Ar gas atmosphere is generated in the film 
formation chamber 60, dummy target 71a is attached to the first electrode 70. In the 
next step, high-frequency power is supplied from the first AC power supply 75 to the 
first electrode 70 while the glass substrate 36 on which the metallic film 40e is formed 
is still attached to the second electrode 72. After that, plasma is generated by floating 
the negative electric potential, and high-frequency power is supplied to the second 
electrode 72 so as to apply AC power of approximately 200 W to substrate 36 for about 
2 minutes. 

1-2 Process of forming a Cu film for forming the gate electrode, by using two- 
frequency excited sputtering method 

After an Ar gas atmosphere (i.e., non-oxide atmosphere) is generated in the 
film formation chamber 60, target 71 made of Cu is attached to the first electrode 70. 
A Cu layer is formed using the two-frequency excited sputtering process in which DC 
power is applied from the DC power supply 78 to the target 71 while the glass 
substrate 36 is still attached to the second electrode 72, and AC power is applied to the 
glass substrate 36 by operating the second AC power supply 80, so that a Cu film 40c . 
having a thickness of approximately 150 nm is deposited on the metallic film 40e 



(formed on the substrate 36), as shown in Fig. 7B. In this process, the AC power 
applied to substrate 36 is approximately 0.1 to 5 W/cm 2 . Accordingly, the diameter of 
Cu crystal grains as constituents of Cu film 40c can be sufficiently small; thus, the grain 
boundary of Cu crystals is larger and the elements in the metallic film 40e are easily 
drawn into the Cu film 40c and these elements actively disperse. 

1-3 Process of patterning metallic and Cu films of the gate electrode 

The surface of the Cu film 40c is coated with a resist and pattern exposure is 
performed. After unnecessary portions of the Cu film 40c and metallic film 40e are 
removed by etching, the resist is removed, so that stacked (or multi-layered) Cu layer 
(Cu wiring) 40a and metallic film 40e having a desired wiring width are formed as 
shown in Fig. 7C. 

1-4 First annealing process of substrate (base). 

The substrate 36 on which the stacked layers (of Cu layer 40a and metallic film 
40e) are formed is annealing-processed in an Ar gas atmosphere, so as to disperse the 
metal elements, which were introduced from metallic film 40e to Cu layer 40a, towards 
the surface of the Cu layer 40a. Accordingly, gate electrode 40 having Cu layer 40a 
suiTOunded by metallic coating film 40b (made of a metal selected from titanium, 
molybdenum, chromium, and tantalum) is obtained as shown in Fig. 7D, where the : 
thickness of the coating film 40b is approximately 5 to 20 nm. 

The above annealing process is executed approximately for two hours at about 

400 °C. 

If the atmosphere during the annealing process includes no oxygen, coating 
film 40b having 0 atom% of the content of the oxygen atoms can be obtained. In ; 
addition, the percentage content of the oxygen atoms in the coating film 40b can be 
gradually increased by gradually increasing the partial pressure of oxygen in the 
atmosphere in the annealing process. 
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Therefore, if metallic film 40e made of titanium is formed on substrate 36, 
coating film 40b made of titanium or titanium oxide is formed. More specifically, 
coating film 40b having the composition ratio of the number of titanium atoms to the 
number of oxygen atoms of "1 to 0" to "1 to 2" is formed. 

If metallic film 40e made of molybdenum is formed, coating film 40b made of 
molybdenum or molybdenum oxide is formed. More specifically, coating film 40b 
having the composition ratio of the number of molybdenum atoms to the number of 
oxygen atoms of "1 to 0 n to "1 to 3" is formed. 

If metallic film 40e made of chromium is formed, coating film 40b made of 
chromium or chromium oxide is formed. More specifically, coating film 40b having 
the composition ratio of the number of chromium atoms to the number of oxygen atoms 
of "1 to 0" to "1 to 2" is formed. 

If metallic film 40e made of tantalum is formed, coating film 40b made of 
tantalum or tantalum oxide is formed. More specifically, coating film 40b having the 
composition ratio of the number of tantalum atoms to the number of oxygen atoms of "1 
to 0" to "1 to 2.5" is formed. 

The thickness of the metallic film 40e made of titanium may be changed, and 
the annealing temperature may also be changed within 400 to 1200 *C, and the 
annealing time may also be changed within 30 minutes to 1 hour. Accordingly, as 
shown in Fig. 2, it is possible to form coating film 40b having (i) titanium film 40f which 
surrounds the Cu layer 40a, and (ii) film 40g which is formed on the surface of the 
titanium film 40f and is made of a titanium oxide having the composition ratio of the 
number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 
Similarly, as shown in Fig. 3, it is possible to form coating film 40b having (i) titanium 
film 40h provided at a portion of the circumferential area of Cu layer 40h, and (ii) film 
40i which is provided at the remaining portion of the circumferential area of Cu layer 
40a and is made of a titanium oxide having the composition ratio of the number of 
titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 




1-5 CVD film formation process of gate insulating film (silicon nitride film) 41 

A "SiH 4 + NH 3 + N 2 " mixed gas atmosphere is generated in the film formation 
chamber 60, and dummy target 71a is still attached to the first electrode 70. Next, 
high-frequency power of 200 MHz is supplied from the first AC power supply 75 to the 
first electrode 70, and plasma is generated by floating a negative electric potential, so 
as to perform the CVD film formation in which a silicon nitride film is deposited on the 
substrate 36. Accordingly, gate insulating film 41 as shown in Fig. 8A is obtained. 

In the above CVD film formation, the frequency of the supplied power is large 
so as not to sputter the dummy target 71a attached to the first electrode 70, and so as 
to apply a small ion energy to the first electrode 70. Additionally, high-frequency 
power is also supplied to the second electrode 72 so as to control the ion energy 
applied on the substrate 36. 

1-6 CVD film formation process of semiconductor active film (a-Si layer) 42 

After a "SiH 4 + H 2 " mixed gas atmosphere is generated in the film formation 
chamber 60, dummy target 71a is attached to the first electrode 70. Next, high- 
frequency power of approximately 200 MHz is supplied from the first AC power supply 
75 to the first electrode 70. High-frequency power is also supplied from the second 
AC power supply 80 to the second electrode 72, so as to control the ion energy applied 
to the glass substrate 36 and form an a-Si layer. Accordingly, the semiconductor 
active film 42 is formed. 

1-7 Sputtering process of forming ohmic contact film (a-Si : n + layer) 43a 

After an Ar gas atmosphere is generated in the film formation chamber 60, 
target 71 made of P-doped Si (used for forming an a-Si : n + layer) is attached to the first 
electrode 70. High-frequency power of approximately 13.6 MHz is. supplied from the 
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first AC power supply 75 to the first electrode 70. The sputtering is performed by 
using a negative electric potential of -200 V supplied from the DC power supply 78, so 
that ohmic contact film 43a is formed on the semiconductor active film 42. 

1-8 Patterning process of the semiconductor active film and ohmic contact film 
The surface of the ohmic contact film 43a is coated with a resist and pattern 
exposure is performed. After unnecessary portions are removed by etching, the 
resist is removed, so that island-shape semiconductor active film 42 and ohmic contact 
film 43a, smaller than the gate electrode 40, are obtained as shown in Fig. 8A. The 
position of the semiconductor active film 42 and ohmic contact film 43a is the opposite 
side of the gate electrode 40 with respect to the gate insulating film 41. 

1-9 Process of forming a metallic film for the source electrode and drain electrode 
According to a process similar to that for forming the metallic film for the gate 
electrode, metallic film 46e having a thickness of approximately 50nm is formed so as 
to cover the upper face and both side faces of the ohmic contact film 43a, both side 
faces of the semiconductor active film 42 (under the ohmic contact film 43a), and a 
portion of the upper face of the gate insulating film 41 contacting the semiconductor 
active film 42 (see Fig. 8A). Here, a metallic oxide layer may be formed on the 
metallic film 46e. Preferably, such a metallic oxide layer is removed using a method 
similar to the plasma etching method applied to metallic film 40e. 

1-10 Two-frequency excited sputtering film-formation process of Cu film for source 
and drain electrodes 

According to a process similar to the two-frequency excited sputtering film- 
formation process of the above-explained Cu film for the gate electrode, Cu film 46c 
having a thickness of approximately 150 nm is formed on the metallic film 46e (see Fig. 
8A). Accordingly, elements included in the metallic film 46e are incorporated in the 
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Cu film 46c. 

1-11 Patterning process of metallic and Cu films for source and drain electrodes, 
semiconductor active film, and ohmic contact film 

The portion on a center area of the semiconductor active film 42 is removed by 
etching, that is, the relevant portion of the ohmic contact film 43a, metallic film 46e, 
and Cu film 46c are removed. Accordingly, as shown in Fig. 8B, a pair of separate 
ohmic contact films 43 and 44, and metallic film 46e and Cu layer 46a for forming the 
source electrode 46 and metallic film 46e and Cu layer 48a for forming the drain 
electrode 48 are formed at either end-side of the semiconductor active film 42. 

1-12 Second annealing process of the substrate 

The substrate 36 on which the metallic film 46e and Cu layer 46a for forming 
the source electrode 46 and metallic film 46e and Cu layer 48a for forming the drain 
electrode 48 are formed is annealing-processed according to a process similar to the 
above-explained first annealing process of the substrate. Therefore, the metal 
elements of the metallic film 46e, incorporated in the Cu layers 46a and 48a, are 
dispersed towards the surface of the Cu layers 46a and 48a, so that as shown in Fig. 8C, 
source electrode 46 and drain electrode 48 having Cu layers 46a and 48a surrounded by 
coating films 46b and 48b are obtained, where each coating film is made of a metal 
selected from titanium, molybdenum, chromium, and tantalum. Similar to the coating 
film 40b of the gate electrode 40, the coating films 46b and 48b may include oxygen 
according to the above-described composition ratio. 

In addition, similar to the formation of the coating film 40b of the gate 
electrode 40, the thickness of metallic film 46e or annealing conditions may be changed. 
Accordingly, it is possible to form coating films 46b and 48b, each having (i) a titanium 
film which surrounds the Cu layer, and (ii) a film which is formed on the surface of the 
titanium film and is made of a titanium oxide having the composition ratio of the 
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number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 2". 
Similarly, it is possible to form coating films 46b and 48b, each having (i) a titanium film 
provided at a portion of the circumferential area of the Cu layer, and (ii) a film which is 
provided at the remaining portion of the circumferential area of the Cu layer and is 
made of a titanium oxide having the composition ratio of the number of titanium atoms 
to the number of oxygen atoms of "1 to 1" to "1 to 2". 

1-13 CVD film formation process of passivation film 49 

According to a process similar to, the CVD film formation process of the gate 
insulating film 41, passivation film 49 made of silicon nitride is formed so as to cover 
the semiconductor active film 42, source electrode 46, and drain electrode 48. 

1-14 Process of forming pixel electrode 

The passivation film 49 is etched by using a dry etching method, or by using 
dry and wet etching methods together, so as to form contact hole 50. After that, an 
ITO layer is formed on the passivation film 49, and pixel electrode 35 is formed by 
patterning. In addition, as shown in Fig. 1, connection conductor 51 is formed on the 
bottom and inner (wall) faces of the contact hole 50 and a portion of the upper face of 
the passivation film 49. The drain electrode 48 and pixel electrode 35 are connected 
via this connection conductor 51, so that the TFT substrate 31 as shown in Fig. 1 is 
obtained. 

If substrate 36 on which SiN x film 36a is formed is used, then before the 
metallic film 40e is formed on the substrate 36, an SiN x film is formed according to a 
process similar to the above-explained CVD film formation process of the gate 
insulating film 41. 

The source wiring is not shown in the drawings; however, the wiring may also 
be formed when the source electrode 46 is formed on the gate insulating film 41 and 
the following annealing and etching processes are performed. 
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As the above-explained method of manufacturing the TFT substrate 31 
includes the two-frequency excited sputtering process of forming a Cu film on the 
metallic film on the substrate 36, the pattering process of the Cu film, and the annealing 
process of the base, it is possible to easily form gate electrode 40, source electrode 46, 
and drain electrode 48 on substrate 36, by which (i) oxidation resistance against water 
or oxygen, (ii) corrosion resistance against the etching material, resist-detaching 
solvent, and the like, and (iii) adhesion to the base can be improved, and inter- 
dispersion of the elements between adjacent films can be prevented. Therefore, the 
manufacturing processes are not complicated. 

Also according to the present method of manufacturing the TFT substrate (of 
the present invention), the gate electrode 40, source electrode 46, and drain electrode 
48 having the above characteristics can be formed on the substrate 36 at a low 
temperature; thus, the present method can be applied to a case using a glass substrate 
(as the base) which cannot tolerate heating at 600*0 or more. 

In the above-explained method of manufacturing the TFT substrate, the 
metallic film functioning as the coating film for the electrode is formed in a chamber 
including a plasma apparatus, as shown in Fig. 4. However, the above metallic film 
may be formed by using an ordinary sputtering apparatus. 

Second embodiment 

Fig. 9 shows a distinctive portion of the second embodiment of the LCD 
according to the present invention. The difference of the LCD 30a of this second 
embodiment from the LCD 30 (as shown in Fig. 1) of the first embodiment is to 
comprise a bottom -gate type TFT substrate 31a as shown in Fig. 9. 

The difference of the TFT substrate 31a from the TFT substrate 31 as shown 
in Fig. 1 is that (i) TiN layer 45a is provided on a face of the gate electrode 40, the face 
being positioned at the glass substrate 36 side, (ii) TiN layer 47a is provided on a face of 
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the source electrode 46, the face being positioned at the ohmic contact film 43 side, and 
(iii) TiN layer 47b is provided on a face of the drain electrode 48, the face being 
positioned at the ohmic contact film 44 side. The source electrode 46 is electrically 
connected to the ohmic contact film 43 and semiconductor active film 42 via TiN layer 
47a, while the drain electrode 48 is electrically connected to the ohmic contact film 44 
and semiconductor active film 42 via TiN layer 47b. 

The TFT substrate 31a of the second embodiment having the above structure 
has functions and effects similar to those of the TFT substrate 31 of the first 
embodiment. In addition, the TFT substrate of the second embodiment has TiN 
layers 45a, 47a, and 47b between the substrate 36 and the electrodes 40, 46, and 48; 
thus, even when elements of the substrate 36 or gate insulating film 41, positioned 
under each electrode, disperse, the relevant atoms are blocked by TiN layers 45a, 47a, 
and 47b and cannot disperse into electrodes 40, 46, and 48. Therefore, it is possible to 
prevent an increase of the resistance of wiring caused by the element dispersion from 
the base 36 or adjacent films. Also according to the TiN layers 45a, 47a, and 47b, 
adhesion of the electrodes 40, 46, and 48 can be improved. 

The TFT substrate 31a can also be formed by using the thin-film formation 
apparatus as shown in Figs. 4 to 6 . 

Below, the method of manufacturing the TFT substrate 31a of the second 
embodiment will be explained in detail. 

2-1 Process of forming TiN film for the gate electrode 

After a gas (including N) atmosphere is generated in the film formation 
chamber 60, target 71 made of titanium is attached to the first electrode 70, and glass 
substrate 36 is attached to the second electrode 72. After that, high-frequency power 
of approximately 13.6 MHz is supplied from the first AC power supply 75 to the first 
electrode 70, and sputtering using a negative electric potential of -200 V, supplied from 
the DC power source 78, is performed, so that TiN film 45 having a thickness of 



approximately 50 nm is formed on the substrate 36, as shown in Fig. 10A. The N- 
included gas atmosphere may be a mixed gas of a gas such as N 2 , N 2 0, or N0 2 , and an 
Ar gas. 

2-2 Process of forming the metallic film for the gate electrode 

After the atmosphere of the film formation chamber 60 is switched from the 
above N-included gas atmosphere to an Ar gas atmosphere, target 71 to be attached to 
the first electrode 70 is also changed to one made of a metal selected from titanium, 
molybdenum, chromium, and tantalum. Then, according to a process similar to the 
process for forming the metallic film for the gate electrode, explained in the above 
section 1-1, metallic film 40e having a thickness of approximately 50 nm is formed on 
the TiN film 45 on the substrate 36, as shown in Fig. 10B. 

2-3 Two-frequency excited sputtering process for forming the Cu film for the gate 
electrode 

According to a process similar to the two-frequency excited sputtering film 
formation process explained in the above section 1-2, Cu film 40c having a thickness of 
approximately 150 nm is formed on the metallic film 40e, as shown in Fig. 10B, so that 
multi-layered film 57 consisting of TiN film 45, metallic film 40e, and Cu film 40c is 
formed. Accordingly, the elements in the metallic film 40e are incorporated into the 
Cu film 40c. 

2-4 Patterning process of the TiN film, metallic film, and Cu film for the gate 
electrode 

According to a process similar to the patterning process explained in the above 
section 1-3, the patterning of multi-layered film 57 is performed. Accordingly, a multi- 
layered film consisting of TiN film 45a, metallic film 40e, and Cu film 40a, having a 
desired width, is formed as shown in Fig. IOC. 
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First annealing process of the substrate (base) 



According to a process similar to the first annealing process explained in the 
above section 1-4, the substrate 36 on which the TiN film 45a, metallic film 40e, and Cu 
film 40a are formed is annealing-processed, so as to disperse the metal elements of the 
metallic film 40e, which were incorporated in the Cu film 40a, towards the surface of 
the Cu film 40a. Therefore, gate electrode 40 having the Cu layer 40a surrounded by 
coating film 40b made of a metal selected from titanium, molybdenum, chromium, and 
tantalum is obtained, as shown in Fig. 10D. 

In this process, the TiN film 45a is still put between the gate electrode 40 and 
substrate 36. 

2-6 CVD film formation process of gate insulating film (silicon nitride film) 41 , 
According to a process similar to the CVD film formation process of the gate 
insulating film explained in the above section 1-5, a silicon nitride film is deposited on 
the substrate 36 by the CVD film formation method, so that the gate insulating film 41 
as shown in Fig. 11A is formed. 

2-7 CVD film formation process of semiconductor active film (a-Si layer) 42 
According to a process similar to the CVD film formation process of the 
semiconductor active film explained in the above section 1-6, an a-Si layer is deposited 
on the gate insulating film 41, so that the semiconductor active film 42 is formed. 

2-8 Sputtering process of forming ohmic contact film (a-Si : n + layer) 43a 

According to a process similar to the sputtering process of forming ohmic 
contact film explained in the above section 1-7, ohmic contact film 43a is formed on the 
semiconductor active film 42. 



2-9 Patterning process of the semiconductor active film and ohmic contact film 

According to a process similar to the patterning process explained in the above 
section 1-8, patterning of the semiconductor active film 42 and ohmic contact film 43a is 
performed, so that island-shape semiconductor active film 42 and ohmic contact film 
43a, smaller than the gate electrode 40, are obtained as shown in Fig. 11A. 

2-10 Process of forming the TiN film for the source and drain electrodes 

After an N-included gas atmosphere as explained in the above section 2-1 is 
generated in the film formation chamber 60, target 71 made of titanium is attached to 
the first electrode 70, and glass substrate 36 is still attached to the second electrode 72. 
Under these conditions, high-frequency power of approximately 13.6 MHz is supplied 
from the first AC power supply 75 to the first electrode 70, and sputtering using a 
negative electric potential of -200 V, supplied from the DC power source 78, is 
performed, so that TiN film 47 having a thickness of approximately 50 nm is formed as 
shown in Fig. 11 A, in a manner such that the TiN film covers the upper face and both 
side faces of the ohmic contact film 43a, both side faces of the semiconductor active 
film 42 under the ohmic contact film, and a portion of the upper face of the gate 
insulating film 41 contacting the semiconductor active film. 

2-11 Process of forming the metallic film for the source and drain electrodes 

According to a process similar to the above-explained process of forming the 
metallic film for the gate electrode, metallic film 46e having a thickness of 
approximately 50 nm is formed on the TiN film 47, as shown in Fig. 11 A. 

2-12 Two-frequency excited sputtering process for forming the Cu film for the 
source and drain electrodes 

According to a process similar to the above-explained two-frequency excited 
sputtering film formation process applied to the Cu film of the gate electrode, Cu film 
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46c having a thickness of approximately 150 nm is formed on the metallic film 46e, as 
shown in Fig. 11 A, so that multi-layered film 58 consisting of TiN film 47, metallic film 
46e, and Cu film 46c is formed. Accordingly, the elements in the metallic film 46e are 
incorporated into the Cu film 46c. 

2-13 Patterning process of TiN, metallic, and Cu films for source and drain 
electrodes, and the semiconductor active film and ohmic contact film 

The portion on a center area of the semiconductor active film 42 is removed by 
etching, that is, the relevant portion of the ohmic contact film 43a, TiN film 47, metallic 
film 46e, and Cu film 46c are removed. Accordingly, as shown in Fig. 11B, a pair of 
separate ohmic contact films 43 and 44, and (i) TiN film 47a, metallic film 46e, and Cu 
layer 46a for forming the source electrode 46 and (ii) TiN film 47b, metallic film, 46e 
and Cu layer 48a for forming the drain electrode 48 are formed at either end-side of the 
semiconductor active film 42. 

2-14 Second annealing process of the substrate 

According to a process similar to the first annealing process previously 
performed, the substrate 36, on which (i) TiN film 47a, metallic film 46e, and Cu layer 
46a for forming the source electrode 46 and (ii) TiN film 47b, metallic film46e, and Cu 
layer 48a for forming the drain electrode 48 are formed, is annealing-processed. 
Therefore, the metal elements of the metallic film 46e, incorporated in the Cu layers 
46a and 48a, are dispersed towards the surface of the Cu layers 46a and 48a, so that as 
shown in Fig. 11C, source electrode 46 and drain electrode 48 having Cu layers 46a and 
48a surrounded by coating films 46b and 48b are obtained, where each coating film is 
made of a metal selected from titanium, molybdenum, chromium, and tantalum. 

2-15 CVD film formation process of passivation film 49 

According to a process similar to the CVD film formation process of the gate 
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insulating film 41, passivation film 49 made of a silicon nitride film is formed so as to 
cover the semiconductor active film 42, source electrode 46, and drain electrode 48. 

2-16 Process of forming pixel electrode 

The passivation film 49 is etched by using a dry etching method, or by using 
dry and wet etching methods together, so as to form contact hole 50. After that, an 
ITO layer is formed on the passivation film 49, and pixel electrode 35 is formed by 
patterning. In addition, as shown in Fig. 9, connection conductor 51 is formed on the 
bottom and inner (wall) faces of the contact hole 50, and a portion of the upper face of 
the passivation film 49. The drain electrode 48 and pixel electrode 35 are connected 
via this connection conductor 51, so that the TFT substrate 31a as shown in Fig. 9 is 
obtained. 

According to the above-explained method of manufacturing the TFT substrate, 
the TFT substrate 31a having the structure as shown in Fig. 9 can be manufactured. 

In the above manufacturing method, almost all of the metal elements such as 
titanium as constituents of the metallic films 40e and 46e (between the substrate 36 
and each Cu layer) can be dispersed towards the surfaces of the Cu layers 40a, 46a, and 
48a by suitably determining each thickness of the metallic films 40e and 46e and by 
setting the annealing temperature for annealing the substrate 36 at 500 'C or more. 

Accordingly, as shown in Fig. 12, it is possible to obtain gate electrode 40 
having Cu layer 40a and coating film 40b which is formed on the surface of the Cu layer 
40a and has composition ratio of the number of titanium atoms to the number of oxygen 
atoms of "1 to 0" to "1 to 2". Similarly, as shown in Fig. 13, it is possible to obtain gate 
electrode 40 having Cu layer 40a, titanium film 40m formed on the Cu layer 40a, and 
film 40n which is formed on the surface of the titanium film 40m and has composition 
ratio of the number of titanium atoms to the number of oxygen atoms of "1 to 1" to "1 to 
2". 

As for the source electrode 46 and drain electrode 48, it is also possible to 




obtain the structure (i) having a Cu layer and a coating film which is formed on the 
surface of the Cu layer and has composition ratio of the number of titanium atoms to 
the number of oxygen atoms of "1 to 0" to "1 to 2", or (ii) having a Cu layer, a titanium 
film formed on the Cu layer, and a film which is formed on the surface of the titanium 
film and has composition ratio of the number of titanium atoms to the number of 
oxygen atoms of "1 to 1" to "1 to 2". 

The obtained electrodes 40, 46, and 48 do not have coating films 40b, 46b, and 
48b at the lower-face sides of corresponding Cu layers 40a, 46a, and 48a; however, TiN 
layers 45a, 47a, and 47b are provided between the substrate 36 and electrodes 40, 46, 
and 48. Therefore, even when elements disperse from the substrate 36, gate 
insulating film 41, and the like, which are adjacent films under each electrode, the 
elements are blocked by these TiN layers 45a, 47a, and 47b and cannot disperse 
towards electrodes 40, 46, and 48. Therefore, it is possible to prevent an increase of 
the resistance of the wiring caused by the element dispersion from the substrate 36 and 
relevant adjacent films. 

Third embodiment 

Below, the third embodiment of the TFT substrate according to the present 
invention will be explained with reference to Fig. 14. 

The TFT substrate 31b of the third embodiment has a top-gate type TFT. 
For example, as shown in Fig. 14, a semiconductor layer 103 formed by using a 
polycrystalline silicon is deposited on transparent substrate 102 such as a glass 
substrate. A gate insulating film 104 made of SiN x or the like is formed on the center 
of semiconductor layer 103, and gate electrode 105 is formed on the gate insulating film 
104 via TiN layer 101a. This gate electrode 105 has Cu layer 105a and coating film 
105b which is formed on the Cu layer 105a and is made of the same material as that of 
the coating film 40b in the second embodiment. Here, the gate electrode 105 is 
integrally formed with a gate wiring not shown. 
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In the semiconductor layer 103, source area 107 and drain area 108 are formed, 
each consisting of an n" semiconductor layer doped with n-type impurities such as P + 
or As + at a low concentration of 10 16 atm/cm 3 or less. The area between the source 
area 107 and drain area 108 functions as channel (portion) 109. In addition, the n" 
semiconductor layers serving as the source area 107 and drain area 108 extend towards 
areas under left and right end-portions of the gate insulating film 104. 

In addition, silicide films 110 such as a tungsten silicide or molybdenum silicide 
are respectively formed on the surface of the source area 107 and drain area 108, where 
source wiring 111 and source electrode 112 are formed on one silicide film 110 via TiN 
layer 125a, while drain electrode 113 is formed on the other silicide film 110 via TiN 
layer 125b. The source wiring 111 and source electrode 112 have a structure 
comprising Cu layer 112a and coating film 112b which is formed on the surface of the 
Cu layer 112a and is made of a material similar to that of the coating film 46b of the 
second embodiment. The drain electrode 113 has a structure comprising Cu layer 
113a and coating film 113b which is formed on the surface of the Cu layer 113a and is 
made of a material similar to that of the coating film 48b of the second embodiment. 

The passivation film 114 covers the total face, and contact hole 115 is formed 
through the passivation film 114, which reaches the drain electrode 113. The drain 
electrode 113 and pixel electrode 116 (which is made of ITO) are connected via the 
contact hole 115. 

In addition, the following arrangement (not shown) is also provided, that is, 
similar to the above contact hole 115, other holes are also provided in the passivation 
film 114 at (i) the gate terminal provided at the end of the gate wiring covered by the 
passivation film, and (ii) the source terminal provided at the end of the source wiring 
also covered by the passivation film. In each hole, a pad made of ITO is provided so as 
to be connect with the gate wiring or the source wiring. 

In the TFT substrate 31b of the third embodiment, coating films 105b, 112b, 
and 113b are respectively provided on the surfaces of the Cu layers 105a, 112a, and 
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113a, each functioning as an electrode or wiring; thus, oxidation resistance against 
water or oxygen, and corrosion resistance against the etching material, resist-detaching 
solvent, and the like, can be improved. In addition, TiN layers 101a, 125a, and 125b 
are provided between the substrate 102 and (i) gate electrode 105, (ii) source wiring 
111 and source electrode 112, and (iii) drain electrode 113; thus, even when elements 
disperse from the substrate (base) 102 or gate insulating film 104 (i.e., the adjacent film 
under each electrode and wiring), the relevant atoms are blocked by the TiN layers 
101a, 125a, and 125b. Therefore, it is possible to prevent an increase of the resistance 
of the wiring caused by the element dispersion from substrate 102, gate insulating film 
104, and the like. Furthermore, adhesion of the (i) gate electrode 105, (ii) source 
wiring 111 and source electrode 112, and (iii) drain electrode 113 can be improved 
according to the presence of the TiN layers 101a, 125a, and 125b. 

Specific example 1 

A titanium film having a thickness of 50 nm was formed on a glass substrate by 
using the thin-film formation apparatus as shown in Figs. 4 to 6. In the processes, 
after an Ar gas atmosphere was generated in the film formation chamber 60, target 71 
made of titanium was attached to the first electrode 70, while a square glass substrate 
with each side 6 inches (6 inch corresponds to 15.24 cm) long was attached to the 
second electrode 72. In the next step, high-frequency power having a frequency of 
approximately 13.6 MHz was supplied from the first AC power supply 75 to the first 
electrode 70, and sputtering using a negative electric potential of -200 V, supplied form 
the DC power supply 78, was performed so as to form the above titanium film. 

In the following step, after an Ar gas atmosphere was generated in the film 
formation chamber 60, target 71 made of Cu was attached to the first electrode 70, 
while the glass substrate was still attached to the second electrode 72. Under these 
conditions, DC power was applied to the target 71 from the DC power supply 78, while 
AC power was applied to the glass substrate from the second AC power supply 80 so as 
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to perform the two-frequency excited sputtering. As a result, a Cu film having a 
thickness of 150 nm was formed on the titanium film. The above AC power applied to 
the glass substrate was 200 W. 

The Cu film was then coated with a resist so as to perform the pattern 
exposure, and unnecessary portions in the Cu and titanium films were removed using 
an etching material, and the photosensitive resist was then removed. Accordingly, 
the stacked (or multi-layered) titanium and Cu films were formed. 

The above substrate on which the stacked films were formed was then 
annealing-processed in a nitrogen gas atmosphere for two hours at 400 so as to 
form wiring. The wiring arrangement obtained in this specific example 1 was 
analyzed using the Auger Electron Spectroscopy analysis method. According to the 
results of the analysis, a coating film including Ti (titanium) was formed around the Cu 
layer, and the thickness of the coating film was 10 nm. The resistivity (or sheet 
resistance) of the wiring of the specific example 1 was also measured, and the 
measured result was 0.27 Q, which was not changed before and after the annealing. 

Specific example 2 

Wiring was formed under the same conditions as those of the above specific 
example 1 except for using the AC power of 100 W applied to the glass substrate. The 
wiring arrangement obtained in this specific example 2 was also analyzed using the 
Auger Electron Spectroscopy analysis method. According to the results of the 
analysis, a coating film including Ti was formed around the Cu layer, and the thickness 
of the coating film was 8 nm. The resistivity(or sheet resistance) of the wiring of the 
specific example 2 was also measured, and the measured result was 0.23 Q. 

Comparative example 1 

Wiring was formed under the same conditions as those of the above specific 
example 1 except for using the AC power of 0 W applied to the glass substrate (i.e., no 



AC power was applied). The wiring arrangement obtained in this comparative 
example 1 was also analyzed using the Auger Electron Spectroscopy analysis method. 
According to the results of the analysis, a coating film including Ti was formed around 
the Cu layer, and the thickness of the coating film was 4 nm. The resistivity(or sheet 
resistance) of the wiring of the comparative example 1 was also measured, and the 
measured result was 0.23 Q. 

According to the results of the specific example 1 and 2 and comparative 
example 1, the higher the AC power applied to the glass substrate, the thicker the 
coating film formed around the Cu layer is. 

Comparative example 2 

The thin-film formation apparatus as shown in Figs. 4 to 6 was used also in this 
comparative example. After an Ar gas atmosphere was generated in the film 
formation chamber 60, target 71 made of Cu was attached to the first electrode 70, 
while a glass substrate was attached to the second electrode 72. Under these 
conditions, DC power was applied to the target 71 from the DC power supply 78, while 
AC power was applied to the glass substrate from the second AC power supply 80 so as 
to perform the two-frequency excited sputtering. As a result, a Cu film having a 
thickness of 150 nm was formed. The above AC power applied to the glass substrate 
was 200 W. 

The Cu film was then coated with a resist so as to perform the pattern 
exposure, and unnecessary portions in the Cu film were removed using an etching 
material, and the photosensitive resist was then removed. Accordingly, the Cu layer 
and necessary wiring was formed. The resistivity(or sheet resistance) of the wiring of 
the comparative example 2 was 0.20 Q. 



Comparative example 3 
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Wiring was formed under the same conditions as those of the above 
comparative example 2 except for using the AC power of 100 W applied to the glass 
substrate. The resistivity (or sheet resistance) of the wiring of the comparative 
example 3 was also measured, and the measured result was 0.18 Q. 

Experimental example 1 

Chemical (solution) resistance of each wiring obtained by the specific examples 
1 and 2, and comparative examples 1 to 3 were analyzed. In the analysis, each wiring 
was immersed in an ammonium persulfate etchant for 60 seconds, and the wiring was 
then pulled out of a detaching solvent, and rinsed and dried. The surface conditions of 
each wiring before and after the immersing in the etchant were observed and analyzed 
using an atomic force microscope (AFM). 

The observed results are shown in Figs. 15 to 17. Fig. 15 is a photograph 
showing the metallographic structure on the surface of the wiring of the above specific 
example 1 after the wiring was immersed in the ammonium persulfate etchant. Fig. 
16 is a photograph showing the metallographic structure on the surface of the wiring of 
the above specific example 2 after the wiring was immersed in the ammonium 
persulfate etchant. Fig. 17 is a photograph showing the metallographic structure on 
the surface of the wiring of the above comparative example 1 after the wiring was 
immersed in the ammonium persulfate etchant. 

The etching rate of each wiring was also measured. 

As for the wiring of the specific example 1, the etching rate before the 
annealing was 132 nm/min, and the etching rate after the annealing and the following 
retention time of approximately 3 minutes was 132 nm/min, that is, the same value as 
that obtained before the annealing. 

As for the wiring of the specific example 2, the etching rate before the 
annealing was 126 nm/min, and the etching rate after the annealing and the following 
retention time of 1 minute or more was 126 nm/min, that is, the same value as that 
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obtained before the annealing. 

As for the wiring of the comparative example 1, the etching rate before the 
annealing was 128 nm/min, and the etching rate after the annealing and the following 
retention time of less than 1 minute was 128 nm/min, that is, the same value as that 
obtained before the annealing. 

Similarly, the etching rates of the wiring of comparative examples 2 and 3 were 
respectively 127 nm/min and 128 nm/min, and these rates were not changed after the 
annealing process similar to the annealing of the specific example 1. 

As clearly understood according to the photographs in Figs. 15 to 17 and the 
measured results of the etching rate, (i) in the wiring of the comparative example 1 
(using the AC power of 0 W applied to the substrate) or in the wiring of the 
comparative examples 2 and 3 (in which only the Cu layer was formed), the etching 
rate relating to the etchant is already large immediately after the start of the etching, 
and (ii) in the wiring of the comparative example 1, almost all of the Cu film was etched 
(the surface protective rate is 7%). Therefore, it is obvious that the wiring was 
severely damaged by the etchant. In contrast, the wiring of the specific examples 1 
and 2 had the retention time of approximately 1 minute or more during which the 
etching did not proceed, and the surface protective ratio of the wiring of the specific 
example 1 which used the AC power of 200 W (applied to the substrate) was 90 %, 
while the surface protective ratio of the wiring of the specific example 2 which used the 
AC power of 100 W (applied to the substrate) was 60 %. In addition, in the wiring of 
the specific examples 1 and 2, the surface conditions before and after the immersing in 
the etchant were not remarkably different; thus, it is obvious that the wiring of the 
specific examples 1 and 2 has superior chemical resistance in comparison with the 
comparative example 1. The above "surface protective ratio" is a ratio of the total 
remaining surface area of the wiring after the immersing in the etchant to the surface 
area of the wiring before the immersing (i.e., 100%). 

Additionally, in the wiring of the specific examples 1 and 2, the resistivity 
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values before and after the annealing did not have significant difference. 

Figs. 18 to 19 are graphs explaining the structures of the wiring of specific 
example 1 before and after the annealing, analyzed using the Auger Electron 
Spectroscopy analysis method. Fig. 18 shows a depth profile of the wiring before the 
annealing, while Fig. 19 is a depth profile of the wiring after the annealing. 

According to the results shown in the Figs. 18 and 19, it is obvious that before 
the annealing, (i) the content of Ti existing between the glass substrate and the Cu 
layer is large, (ii) Ti in the Cu layer is very small, and (iii) the Ti content in the surface 
of the Cu layer is almost zero. The inventors believe that the reason why the Cu 
layer includes Ti is that AC power was applied to the substrate when the Cu film was 
sputtering-formed. In contrast, after the annealing, the content of Ti existing between 
the glass substrate and the Cu layer is smaller in comparison with the content before 
the annealing, and the peaks of Ti and O are observed at the surface side of the Cu 
layer. Accordingly, it is obvious that the Ti and 0 contents are larger than those 
measured before the annealing. Consequently, it is obvious that Ti dispersed towards 
the surface of the Cu layer due to the annealing. 

Specific example 3 

Instead of target 71 made of Ti, target 71 made of Cr (chromium) was used so 
as to form a Cr film on a glass substrate and to form necessary wiring. Other 
conditions were the same as those of the specific example 1. The resistivity (or sheet 
resistance) of the wiring of the specific example 3 was also measured, and the 
measured result was 0.14 Q. 

Specific example 4 

Under the same conditions as those of the specific example 3, except for using 
100 W of the AC power applied to the glass substrate, wiring was formed. The 
resistivity(or sheet resistance) of the wiring of the specific example 4 was also 




measured, and the measured result was 0.14 Q. 

Comparative example 4 

Under the same conditions as those of the specific example 3, except for using 
0 W of the AC power applied to the glass substrate, wiring was formed. The 
resistivity(or sheet resistance) of the wiring of the comparative example 4 was also 
measured, and the measured result was 0.14 Q. 

Experimental example 2 

Chemical resistance of each wiring obtained by the specific examples 3 and 4, 
and comparative example 4 were analyzed in a way similar to that of the above- 
explained experimental example 1. 

The observed results are shown in Figs. 20 to 22. Fig. 20 is a photograph 
showing the metallographic structure on the surface of the wiring of the above specific 
example 3 after the wiring was immersed in the ammonium persulfate etchant. Fig. 
21 is a photograph showing the metallographic structure on the surface of the wiring of 
the above specific example 4 after the wiring was immersed in the ammonium 
persulfate etchant. Fig. 22 is a photograph showing the metallographic structure on 
the surface of the wiring of the above comparative example 4 after the wiring was 
immersed in the ammonium persulfate etchant. 

The etching rate of each wiring was also measured. 

As for the wiring of the specific example 3, the etching rate before the 
annealing was 128 nm/min, and the etching rate after the annealing and the following 
retention time of approximately 2 minutes was 128 nm/min, that is, the same value as 
that obtained before the annealing. 

As for the wiring of the specific example 4, the etching rate before the 
annealing was 131 nm/min, and the etching rate after the annealing and the following 
retention time of 1 minute or more was 131 nm/min, that is, the same value as that 




obtained before the annealing. 

As for the wiring of the comparative example 4, the etching rate before the 
annealing was 127 nm/min, and the etching rate after the annealing and the following 
retention time of less than 1 minute was 127 nm/min, that is, the same value as that 
obtained before the annealing. 

As clearly understood according to the photographs in Figs. 20 to 22 and the 
measured results of the etching rate, (i) in the wiring of the comparative example 4 
(using the AC power of 0 W applied to the substrate) or in the wiring of the 
comparative examples 2 and 3 (in which only the Cu layer was formed), the etching 
rate relating to the etchant is already large immediately after the start of the etching, 
and (ii) in the wiring of the comparative example 4, almost all of the Cu film was etched 
(the surface protective ratio was 15 %). Therefore, it is obvious that this wiring was 
severely damaged by the etchant. In contrast, the wiring of the specific examples 3 
and 4 had the retention time of approximately 1 minute or more during which the 
etching did not proceed, and the surface protective ratio of the wiring of the specific 
example 3 which used the AC power of 200 W applied to the substrate was 70 %, while 
the surface protective ratio of the wiring of the specific example 4 which used the AC 
power of 100 W applied to the substrate was 50 %. In addition, in the wiring of the 
specific examples 3 and 4, the surface conditions before and after the immersing (in the 
etchant) were not remarkably different; thus, it is obvious that the wiring of the specific 
examples 3 and 4 has superior chemical resistance in comparison with the comparative 
example 4. 

Additionally, in the wiring of the specific examples 3 and 4, the resistivity 
values before and after the annealing did not have significant difference. 

Figs. 23 to 24 are graphs explaining the structures of the wiring of specific 
example 3 before and after the annealing, analyzed using the Auger Electron 
Spectroscopy analysis method. Fig. 23 shows a depth profile of the wiring before the 
annealing, while Fig. 24 is a depth profile of the wiring after the annealing. 




According to the results shown in the Figs. 23 and 24, it is obvious that before 
the annealing, (i) the content of Cr existing between the glass substrate and the Cu 
layer is large, (ii) Cr in the Cu layer is very small, and (iii) the Cr content in the surface 
of the Cu layer is almost zero. The inventors believe that the reason why the Cu 
layer includes Cr is that AC power was applied to the substrate when the Cu film was 
sputtering-formed. On the other hand, after the annealing, the content of Cr existing 
between the glass substrate and the Cu layer is smaller in comparison with the content 
before the annealing, and the peaks of Cr and O are observed at the surface side of the 
Cu layer. Accordingly, it is obvious that the Cr and O contents are larger than those 
measured before the annealing. Consequently, it is obvious that Cr (atoms) dispersed 
towards the surface of the Cu layer due to the annealing. 

Experimental example 3 

Instead of target 71 made of Ti, target 71 made of Mo (molybdenum) was used 
for form an Mo film and relevant wiring on a glass substrate under the same conditions 
as those of the specific example 1 except for changing the AC power applied to the 
glass substrate within the range from 0 to 200 W. The relationship between the 
coating film formed on the Cu layer and the AC power applied to the glass substrate 
was analyzed. As a result, the coating film obtained when the AC power was 200 W 
had a thickness of 7 nm, the coating film obtained when the AC power was 100 W had a 
thickness of 6 nm, and the coating film obtained when the AC power was 0 W had a 
thickness of 2 nm. Accordingly, it is obvious that the higher the AC power applied to 
the glass substrate, the thicker the coating film including Mo formed on the Cu layer 
becomes. 

Experimental example 4 

A TiN film having a thickness of 50 nm was formed by using the thin-film 
formation apparatus as shown in Figs. 4 to 6. In the processes, after an M Ar and N 2 M 




mixed gas atmosphere was generated in the film formation chamber 60, target 71 made 
of Ti was attached to the first electrode 70, while a square glass substrate with each 
side 6 inches(6ich corresponds to 15.24cm) 

long was attached to the second electrode 72. In the next step, high-frequency power 
having a frequency of approximately 13.6 MHz was supplied from the first AC power 
supply 75 to the first electrode 70, and sputtering using a negative electric potential of 
-200 V, supplied form the DC power supply 78, was performed so as to form the above 
TiNfilm. 

In the following step, after an Ar gas atmosphere was generated in the film 
formation chamber 60, target 71 made of Ti was attached to the first electrode 70, while 
the glass substrate with each side 6 inches long was still attached to the second 
electrode 72. Under these conditions, high-frequency power having a frequency of 
approximately 13.6 MHz was supplied from the first AC power supply 75 to the first 
electrode 70, and sputtering was performed using a negative electric potential of -200 
V supplied from the DC power supply 78, so that a Ti film having a thickness of 20 nm 
was formed on the glass substrate. 

In the following step, after an Ar gas atmosphere was generated in the film 
formation chamber 60, target 71 made of Cu was attached to the first electrode 70, 
while the glass substrate was still attached to the second electrode 72. Under these 
conditions, DC power was applied to the target 71 from the DC power supply 78, while 
AC power was applied to the glass substrate from the second AC power supply 80 so as 
to perform the two-frequency excited sputtering. As a result, a Cu film having a 
thickness of 140 nm was formed on the Ti film, so that a multi-layered film consisting 
of the TiN film, Ti film, and Cu film was obtained. The above AC power applied to the 
glass substrate was 200 W. 

In the next step, the substrate on which the above multi-layered film was 
formed was annealing-processed in a nitrogen gas atmosphere at 400 *C for 2 hours, 
so that specimen (or test piece) 1 was obtained. 
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Specimen 2 was also formed by a method similar to the above method except 
for the conditions that the thickness of the Cu layer was 150 nm, and the temperature 
in the annealing process was 500 *C. 

In addition, an a-Si (or i-Si) layer having a thickness of 100 nm was formed by 
using the thin-film formation apparatus as shown in Figs. 4 to 6. In the processes, 
after an n SiH 4 + H 2 " mixed gas atmosphere was generated in the film formation 
chamber 60, dummy target 71a was attached to the first electrode 70, while glass 
substrate 36 was attached to the second electrode 72. In the next step, high- 
frequency power having a frequency of approximately 200 MHz was supplied from the 
first AC power supply 75 to the first electrode 70, and high-frequency power from the 
second AC power supply 80 was also supplied to the second electrode 72 so as to 
control the ion energy applied to the glass substrate 36. Accordingly, the above a-Si 
(or i-Si) layer was obtained. 

In the following step, after an Ar gas atmosphere was generated in the film 
formation chamber 60, target 71 made of P-doped Si (for forming an a-Si : n + layer) was 
attached to the first electrode 70, and high-frequency power having a frequency of 
approximately 13.6 MHz was supplied from the first AC power supply 75 to the first 
electrode 70, and sputtering was performed using a negative electric potential of -200 
V supplied from the DC power supply 78, so that an a-Si : n + (i.e., n + Si) layer having a 
thickness of 20 nm was formed on the a-Si layer. 

In the following step, a TiN film having a thickness of 50 nm was formed on the 
a-Si : n + layer by a method similar to that used for forming the above specimen 1, and a 
Cu film having a thickness of 150 nm was further formed on the TiN film also by using 
the method similar to the method for forming specimen 1. 

After that, this substrate was annealing-processed in a nitrogen atmosphere at 
500 °C for 2 hours, so that specimen 3 was obtained. 

Figs. 25 to 27 are graphs showing the structures of specimens 1 to 3 analyzed 
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using the Auger Electron Spectroscopy analysis method. Fig. 25 shows a depth 
profile of specimen 1 which was annealing-processed at 400 *C for two hours. Fig. 26 
shows a depth profile of specimen 2 which was annealing-processed at 500 'C for two 
hours. Fig. 27 shows a depth profile of specimen 3 which was annealing-processed at 
500 °C for two hours. 

According to the results shown in Figs. 25 to 27, the specimen 3 which has no 
Ti film between the TiN film and Cu film has no peak of Ti (i.e., no Ti peak) at the 
surface side of the Cu film; thus, it is obvious that even with annealing at 500 *C, Ti 
does not disperse towards the surface of the Cu film. In addition, between the Cu 
peak and Si peak (that is, between the Cu film and Si layer), an N peak indicated by "- 
O-" and a Ti peak indicated by "- A-" are present. In addition, the N peak is larger 
than the Ti peak. Here, it is estimated that in the Auger Electron Spectroscopy 
analysis method, the N peak indicated by "-O-" includes not only N but also Ti 
because a Ti peak in the vicinity of the N peak is also detected, and thus the content 
ratio of N to Ti is approximately 1 :1. Therefore, it is obvious that a TiN film remains 
between the Cu film and the a-Si : n + layer. 

The specimen 2, which has the Ti film between the TiN film and Cu film, has a 
Ti peak at the surface side of the Cu film; thus, it is obvious that Ti atoms disperse in 
the surface of the Cu film by annealing at 400 *C. Between the Cu peak and the peak 
of O in the glass substrate, the N peak indicated by "-0-" is larger than the Ti peak 
indicated by A-". According to a reason similar to that explained above, it is 
obvious that the TiN film remains. In addition, an O peak is present at the surface 
side of the Cu film. This is because a titanium oxide film was generated due to a 
reaction between O and Ti. 

The specimen 3 has a larger Ti peak at the surface side of the Cu film in 
comparison with specimen 2, while the Ti peak indicated by "-A-" between the Cu 
peak and the peak of O in the glass substrate is smaller. Therefore, it is obvious that 



almost all Ti in the Ti film dispersed in the surface of the Cu film. 

Experimental example 5 

Specimen 4 was formed using the same method as that used for forming the 
above specimen 3 except for the annealing conditions. 

On the other hand, specimens 5 to 8 were made by forming various kinds of 
metallic films, instead of the TiN film, on the a-Si : n + layer, using a method similar to 
that used for making the specimen 3 except for the annealing conditions. The various 
kinds of metallic films were (i) a Ti film having a thickness of 50 nm, (ii) a Cr film 
having a thickness of 50 nm, (iii) a Mo film having a thickness of 50 nm, and (iv) a TiN 
film having a thickness of 50 nm and a Ti film having a thickness of 20 nm. 

The sheet resistance of the multi-layered film of each specimen (4 to 8) was 
analyzed. The results of the analysis are shown in Fig. 28. In Fig. 28, the horizontal 
axis indicates the annealing temperature OC), while "R/R (in)" in the vertical axis 
indicates the ratio of the sheet resistance of the relevant multi-layered film to the sheet 
resistance of the Cu film. 

According to Fig. 28, the sheet resistance (of the multi-layered film) of the 
specimen 5 (in which a Ti film is formed between the a-Si : n + layer and the Cu film) 
gradually increases after the annealing temperature exceeds 300 T^, and at 400 *C of 
the annealing temperature, the sheet resistance of the multi-layered film is 
approximately 1.5 times as much as the sheet resistance of the Cu film and the 
maximum sheet resistance appears at 500 *C. The reason for the increase of the 
sheet resistance according to the increase of the annealing temperature is that Cu 
atoms in the Cu film and elements in the metallic film at the base side disperse into 
each other, and thus the elements and Cu atoms exist as solid solution. 

On the other hand, in the specimens 4 and 7 in which the TiN or Mo film is 
formed between the a-Si : n + layer and the Cu film, the sheet resistance is almost fixed 



even though the annealing temperature is changed; thus, it is obvious that the 
resistance of the relevant film is as low as the Cu film. 

In the specimen 6 in which the Cr film is formed between the a-Si : n + layer and 
the Cu film, the relevant sheet resistance at 400 'C is approximately 1.1 times as 
much as the sheet resistance of the Cu film, and the sheet resistance does not 
remarkably change even though the annealing temperature is changed. 

In the specimen 8 in which the TiN and Ti films are formed between the a-Si : 
n + layer and the Cu film, the relevant sheet resistance at 400 X2 of the annealing 
temperature is approximately 1.3 times as much as the sheet resistance of the Cu film, 
but the sheet resistance is as low as that of the Cu film above 500 of the annealing 
temperature. 

Experimental example 6 

As for the above specimens 4 to 8, the dispersion state of each metallic film 
(TiN film, Ti film, Cr film, Mo film, and TiN and Ti films) under the Cu film, detected 
after the annealing process at 400 *C for 2 hours, was analyzed using the Auger 
Electron Spectroscopy analysis method. The following is result. 

In the specimens 4 and 7, dispersion of the elements of the metallic film (i.e., 
the Mo film or TiN film) towards the surface of the Cu film was very small. 

In contrast, in the specimens 5 and 6, analysis showed that a titanium oxide or 
chromium oxide film as a coating film having a thickness of approximately 10 nm was 
formed on the surface of the Cu film. In the specimen 8, analysis showed that a * 
titanium oxide film as a coating film having a thickness of approximately 10 nm was 
formed on the surface of the Cu film. 

Experimental example 7 

As for the above specimens 4 to 7, the barrier function of the metallic film 
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between the a-Si : n + layer and the Cu film was estimated. Here, the barrier function 
was estimated by measuring the sheet resistance detected when a voltage was applied 
to the Cu film. The results are shown in Fig. 29. 

According to Fig. 29, in the specimens 5 and 6 in which the Ti film or Cy film 
was formed between the a-Si : n + layer and the Cu film, the sheet resistance suddenly 
increases after the annealing temperature exceeds 400 *C. In the specimen 7 in 
which the Mo film was formed between the a-Si : n + layer and the Cu film, the sheet 
resistance is almost fixed below the annealing temperature of 500 *C f but suddenly 
increases after the annealing temperature exceeds 500 *C This sudden increase is 
caused by the metal-silicide reaction according to the increase of the annealing 
temperature, wherein the barrier function of the metallic film between the a-Si : n + 
layer and the Cu film is degraded and Si atoms in the a-Si : n + layer disperse and are 
incorporated in the Cu film. 

On the other hand, in the specimen 4 in which the TiN film was formed 
between the a-Si : n + layer and the Cu film, the sheet resistance is almost fixed below 
500 °C, and even above 500 t), the sheet resistance increases much more slowly in 
comparison with the specimen 7. 

Therefore, it is obvious that the TiN film has superior heat resistance in 
comparison with the Ti, Cr, and Mo films, and thus to use the TiN film is effective for 
preventing the element dispersion from an adjacent film. 

Experimental example 8 

Specimen 9 was formed, which does not have a TiN film between the glass 
substrate and the Ti film, and in which, before the Cu film was formed on the Ti film, a 
Ti oxide layer was removed by plasma-etching the surface of the Ti film. Except for 
annealing conditions, other conditions are similar to those for making the specimen 1. 

In the above plasma-etching, an Ar gas atmosphere was generated in the film 
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formation chamber 60, and dummy target 71a was attached to the first electrode 70 
while the glass substrate on which the Ti film was formed was still attached to the 
second electrode 72. Under these conditions, high-frequency power is supplied from 
the first AC power source 75 to the first electrode 70, and floating of a negative electric 
potential was performed so as to generate plasma, and high-frequency power was also 
supplied to the second electrode 72 so as to apply AC power of approximately 200 W to 
the glass substrate for approximately 2 minutes. 

Specimens 9 to 13 were also formed by a way similar to that for making 
specimen 10, except for the conditions that the AC power applied to the glass substrate 
in the plasma-etching of the surface of the Ti film was 50 W and the application time 
was 1 minute. 

Fig. 30 shows the structures of the specimen 9 before the annealing process 
and after the annealing processes at various annealing temperatures in a range from 
250 to 500 °C, analyzed using the Auger Electron Spectroscopy analysis method. 

Fig. 31 shows the structures of the specimen 10 before the annealing process 
and after the annealing processes at various annealing temperatures from 300 to 
500 , analyzed using the Auger Electron Spectroscopy analysis method. 

According to Figs. 30 and 31, the specimen 10 before the annealing process 
has an O peak near the boundary between the Cu and Ti films; thus, it is obvious that a 
titanium oxide film was generated on the surface of the Ti film. In addition, the 
dispersion of Ti atoms towards the surface side of the Cu film begins at 350 "C, and the 
amount of dispersion of Ti atoms towards the surface side of the Cu film increases 
according to the increase of the annealing temperature. 

On the other hand, the specimen 9 before the annealing process has no O peak 
near the boundary between the Cu and Ti films; thus, it is obvious that the titanium 
oxide film was removed by the plasma etching. In addition, the dispersion of Ti atoms 
towards the surface side of the Cu film begins at 300 *C; thus, the dispersion of Ti 
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starts at a lower temperature in comparison with the specimen 10. Therefore, it is 
obvious that removing of the titanium oxide film on the surface of the Ti film by using 
the plasma etching is effective for decreasing the temperature of annealing which is 
performed for dispersing Ti atoms towards the surface of the Cu film. 

Experimental example 9 

Specimens 11 to 14 were made by forming a Si0 2 film having a thickness of 
300 nm between the TiN film and the glass substrate, and changing the thickness of the 
Ti film between the TiN film and the Cu film in a rage from 10 to 50 nm, and changing 
the annealing conditions. Other conditions are substantially the same as those used 
for making the specimen 3 in the experimental example 4. 

The sheet resistance of the multi-layered films of specimens 11 to 14 were 
analyzed, and the results are shown in Fig. 32. In Fig. 32, horizontal axis indicates the 
annealing temperature CC), while "R/R (in)" in the vertical axis indicates the ratio of 
the sheet resistance of the multi-layered film to the sheet resistance of the Cu film. 

According to Fig. 32, in the specimens 11 and 12 in which a TiN film having a 
thickness of 50 nm and a Ti film having a thickness of 30 to 50 nm are provided 
between the Si0 2 and Cu films, the sheet resistance of the multi-layered film gradually 
increases after the annealing temperature exceeds 300 *C, and the sheet resistance is 
largest at 400 "C. 

In contrast, the sheet resistance of the specimen 13, in which a TiN film 
having a thickness of 50 nm and a Ti film having a thickness of 20 nm are provided 
between the Si0 2 and Cu films, has less change of sheet resistance in comparison with 
specimens 11 and 12. On the other hand, in the specimen 14, in which a TiN film 
having a thickness of 50 nm and a Ti film having a thickness of 10 nm are provided 
between the Si0 2 and Cu films, the sheet resistance is almost fixed even though the 
annealing temperature is changed. 



Therefore, with a Ti film having a thickness of 20 nm or less on the TiN film, 
wiring which has lower resistance and whose resistance is not easily increased can be 
obtained. 

As explained above, according to the present invention, when Cu (having low 
resistance) is used as a wiring material, preferable wiring, a TFT substrate using the 
same, a manufacturing method of the TFT substrate, and LCD can be provided, by 
which (i) oxidation resistance against water or oxygen, (ii) corrosion resistance against 
the etching material, resist-detaching solvent, and the like, and (iii) adhesion to the 
base can be improved, and inter-dispersion of the elements between adjacent films can 
be prevented. 



